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Description 

BACKGROUND OF THE INVENTION 



TNs invention relates to an absorbent sheet suitable for use in sanitary napWns. hygienic pads, disposable diapers 
medical pads, nursing breast pads, drip sheets, kitchen paper towel, household cleaning sheets, undersheets lor pet 
animals, and the like; a process for producing the same; and absorbent articles using the same- 
Various methods for fixing a superabsorbent polymer in an absorbent structure to obtain an absorbent sheet are 
known. For example, US. Patent 3,070.095 discloses a process comprising, as shown in Fig. 24, -spreading a superab- 
sorbent polymer 116 over a tissue 110. superposing another tissue 111 thereon, and pressing the superabsorbent 
polymer into tissues by means of a roller. According to this process, however, the superabsorbent polymer is merely 
fixed in a layer between a pair of tissue layers, so that the process cannot be applied to fixing of a large quantity of a 
superabsorbent polymer. If such an absorbent sheet as shown in Fig. 24 is used as an absorbent member of an absorbent 
article, the superabsorbent polymer 1 16 would be separated from the tissues 1 10 and 1 1 1 with the movement of a 
wearer to make gaps between the tissues 1 10 and 1 1 1 , where a liquid to be absorbed might collect. 

U.S. Patent 3,670.731 discloses a process comprising interposing a superabsorbent polymer between a pair of 
paper-like layers, followed by embossing or quilting, to thereby fix the superabsorbent polymer at prescribed sites. This 
process cannot be escaped from the same problems as with the above-mentioned pressing by means of a roller. 

Japanese Patent Publication 59-26467 and Japanese Patent Application Laid-Opens 54-123293 and 54-141099 
disclose processes in which a superabsorbent polymer is spread over a tissue having previously been wetted by spraying 
steam or water, so that the polymer acquires stickiness and is thereby fixed between a pair of tissues. This process 
achieves fixation of a superabsorbent polymer to some extent but yet cannot completely prevent fall-off of the polymer. 
Besides, the amount of the polymer that can be fixed is still insufficient In addition, the superabsorbent pb I ymec swells" 
in layers upon liquid absorption, sometimes resulting in absorption hindrance due to gel blocking. • >idz> : ; no d 

Japanese Patent La id-Open 61-132697 describes a process for producing absorbent paper containing a superab- 
sorbent polymer, in which process a superabsorbent polymer is spread over paper before being dried in the course of 
paper making, followed by drying. According to this process, the amount of a superabsorbent polymer which can be 
fixed on paper is somewhat increased but to about 10 g/m 2 at the most which is by no means deemed sufficient In 
addition, the superabsorbent polymer, which is exposed on the surface of the final product, easily falls off through dynamic 
actions such as friction. 

A method for fixing a superabsorbent polymer on a tissue, etc. via a hot-melt adhesive applied to the entire area of 
the tissue is also known. Although this method guarantees fixation of a superabsorbent polymer, the most part of the 
surface of the superabsorbent polymer is overlaid with a hot-melt adhesive and therefore hindered from absorbing and 
swelling. 

AttematrveJy, it has been suggested to apply a hot-melt adhesive spirally. This method achieves efficient fixing of a 
superabsorbent polymer while minimizing hindrance to absorption and swelling. However, involvement of spiral appfi- 
cation of a hot-melt adhesive makes the process and the ecMpment compficated. Further, because a large amount of 
a superabsorbent polymer is fixed in a layer, the polymer causes gel blocking on liquid absorption and is interfered with 
swelling. 

On the other hand, absorbent sheets made of wood pulp prepared in a dry process are also known. In order to 
increase the strength of this type of absorbent sheets, irrorporafion of a chemical binder, synthetic pulp, low-merting 
synthetic ftoer, etc. has been attempted, only to make the sheet hydrophobic and reduce the rate of absorption. If the 
sheet strength is low. the superabsorbent polymer swollen with a UqukJ win unfavorably break out of the sheet The 
absorbent sheet may be overlaid with crepe paper to increase its surface strength, but this unfavorably incurs the cost 
With any of these manipulations, however, fixation of the superaosorbent polymer to the wood putp sheet is insufficient 
and the problem that a superabsorbent polymer readly comes off stffl remains. There is another problem that the absorb- 
ent sheet cannot be strongly compressed without reducing its rate of liquid absorption. 

A process for producing an absorbent sheet comprising in-situ polymerization to obtain a superabsorbent polymer 
as fixed on nonwoven fabric support is also known. However, where nonwoven fabric made of hydrophiBc f toers is used, 
a particulate superabsorbent polymer cannot be produced, and the resulting polymer is fixed over the entire surface of 
the nonwoven fabric substantially uniformly and has a reduced Bquid absorptivity. Where nonwoven fabric made of 
hydrophobic f bers is used, although a particulate superabsorbent polymer can be produced, the absorbent sheet unfa- 
vorably has a low rate of absorption unlike the rwnwoven fabric comprising hydrcpMic f toers because of its hydrophobic 
properties as a whole. Besides, in-situ polymerization is unavoidably accompanied by remaining of unreacted monomers, 
which limits the utility of the resulting absorbent sheet for the safety consideration. 

United States Patents No. 4.605.402 and No. 5.021 ,050 disclose absorbent members which are prepared by over- 
laying a fiber layer on a f ber web having a superabsorbent polymer spread thereon and have a structure in which the 
polymer is distributed and adhered to the fiber in the middle portion in the thickness direction of the absorbent member. 
Although prepared to be thinned under compression, these absorbent members are not formed into a sheet and therefore 
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too thick to be used for various purposes. Further, due to a low density, the surface of these absorbent members exhibits 
low absorption performance. In adcStton, when absorbing Squid and getting wet the absorbent members recover its 
original thickness by means of the resilient force of synthetic ftoers so as to obtain absorbing spaces. Thus, these absorb- 
ent members are insufficient for obtaining a thinner absorbent article. 

5 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide an uftrathin absorbent sheet in the form of sheet in which" 
a superabsorbent polymer is surely fixed without impairing the absorption characteristics inherent in a superabsorbent' 
10 polymer. 

Another object of the present invention is to provide an absorbent sheet which absorbs liquid very smoothly without 
leaving liquid on its surface, quicWy leads the absorbed liquid to all the superabsorbent polymers, and fixes the liquid 
effectively. 

A further object of the present invention is to provide an urtrathin absorbent sheet in which a superabsorbent polymer 
15 exerts its inherent absorption characteristics without causing gel blocking even when used for repeated absorption of 

liquid. 

A still further object of the present invention is to provide a process for readily producing the aDsorbent sheet 
A stiB further object of the present invention is to provide an absorbent article which comprises the absorbent sheet 
and exhibits high absorption performance. 
20 A still further object of the present invention is to provide an absorbent article which, in particular, is uftrathin, gives 
an excellent feeling during the use, and does not give an uncomfortable feeling even after absorbing body fluids. 

As a result of extensive investigations, the inventors of the present invention have found that gel blocking of the 
superabsorbent polymer is effectively prevented, and a large quantity of the superabsorbent polymer can be fixed in the s.etrro v&s 
absorbent sheet by embedding the superabsorbent polymer in spaces formed among ftoers constituting the absorbent ^ ti=v -• 
2S sheet in the state that the f bers are wet. 

The present invention is accompBshed based on the above finding, and the above object is achieved by providing 
an absorbent sheet comprising at least hydrophilic fibers and thermally fusible bonding ftoers or a strengthening assist- 
ant and a superabsorbent polymer, the absorbent sheet being characterized in that 

the superabsorbent polymer is not present on an absorbent surface of the absorbent sheet for absorbing liquid 
so but distributed inside the absorbent sheet, and is adhered and fixed to the hydrophific ftoers constituting the absorbent 

sheet ;> 
the superabsorbent polymer is spread at an amount of 5 to 300 g per 1 m 2 of the absorbent sheet; and . \ . 

the absorbent sheet has a thickness of 0.3 to 1 .5 mm (hereinafter referred to as "first absorbent sheet"). * 
The present invention also provides a process which can preferably be used tor the production of the first absorbent 
35 sheet that is. a process for preparing an absorbent sheet comprising at least hydrophiSc ftoers and thermally fusible - % i 
bonding fibers, or a strengthening assistant and a superabsorbent polymer, the process comprising the steps of; 

spreading the superabsorbent polymer on a wet fiber web which is prepared by a wet process from an aqueous 
slurry comprising at least the hydrophilic ftoers and the thermally bonding ftoers or the strengthening assistant 

overlaying thereon a ftoer aggregate cwnprising the hydrophilic ftoers and the thermally fusible bonding ftoers or 
40 the strengthening assistant and 

drying a combination of the ftoer web and the ftoer aggregate to form a unitary body thereof. 
The present invention also provides an absorbent article which preferably uses the first absorbent sheet that is, an 
absorbent article comprising at least a liquid retentive absorbent member and a liquid permeable backsheet the absorb- 
ent article being characterized in that 
45 the absorbent member comprises an absorbent sheet comprising at least hydrophilic fibers and thermally fustole 

bonding fibers or a strengthening assistant and a superabsorbent polymer, wherein 

the superabsorbent polymer is not present on an absorbent surface of the absorbent sheet for absorbing liquid 
but distributed inside the absorbent sheet and is adhered and fixed to the hydrophiUc ftoers constituting the absorbent 
sheet 

so the Buperabsorbertt polymer is spread at an amount of 5 to 300 g per 1 m 2 of the absorbent sheet; and 

the superabsorbent sheet has a thickness of 0.3 to 1.5 mm. 
The present invention also provides an absorbent sheet which comprises superabsorbent polymer particles, and 
a fiber structure comprising bulky hydrophilic cellulose fibers and thermally fustole bonding ftoers or a strengthening 
assistant 

55 the superabsorbent polymer particles being not present on an absorbent surface of the absorbent sheet for 

absorbing the liquid but distributed inside and fixed to the ftoer structure; and 

the absorbent sheet having a thickness of 0.3 to 1.5 mm. and the superabsorbent polymer being spread at an 
amount of 20 to 70 g per 1 m 2 of the absorbent sheet 
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The present invention also provides an absorbent article which preferably uses the above sheet that is, an absorbent 
article for absorbing body fluids comprising at least a liquid retentive absorbent member and a liquid impermeable back- 
sheet, the absorbent article being characterized in that: 

the absorbent member comprises the absorbent sheet which comprises superabsorbent polymer particles, and 
a fiber structure comprising bulky hydrophilic cellulose ffaers and thermally fusible bonding fibers or a strengthening 
assistant, 

the superabsorbent polymer particles being not present on an absorbent surface of the absorbent sheet for 
absorbing the Squid but distributed inside and fixed to the ftoer structure, 

the absorbent sheet having a thickness of 0.3 to 1.5 mm. and the superabsorbent polymer being spread at an 
amount of 20 to 70 g per 1 m 2 of the absorbent sheet; and 

the absorbent article does not give uncomfortable feeling caused by absorption of the body fluids and swelling 
of the superabsorbent polymer particles during usage. 

In this specification, the term liber web" means a web in which constituent fibers are not at all constrained to each 
other or constrained very slightly due to mechanical entanglement frictional force, etc. and have an extremely high 
degree of freedom while wet and. after drying the constituent fbers are firmly constrained to each other to take a sheet 
form; the term 1 foer aggregate" means an aggregate of ftoers which predominantly comprises fibers and takes a sheet 
form, and refers to ordinary paper, nonwoven fabric and woven fabric, and also to the above-mentioned fiber web; and 
the term Itoer structure" means a sheet-material of fibers which predominantly comprises the fiber web and the ftoer 
aggregate to thereby form a unitary body. 

According to the present invention, there is obtained an absorbent sheet in which a superabsorbent polymer is 
securely fixed therein so that it hardly falls off the sheet and the superabsorbent polymer hardly causes gel blocking. 
The absorbent sheet of the present invention combines three functions of liquid permeation, diffusion and retention and 
exhibits high performance in terms of both absorption rate and absorption capacity. Although the absorbent sheet has 
quite an uttrathin thickness, it exhibits unexpected high absorption performance. 

According to the preferred processes for producing the absorbent sheets of the present invention, the production 
speed is greatly increased as compared with conventional techniques. The processes of the present invention require 
no complicated steps for fixation of a superabsorbent polymer, achieving marked sirrpMication of the production process. 

The processes of the present invention allow a superabsorbent polymer to be spread not only all the area of the 
absorbent sheet but partly in stripes extending in the longrtucfinal cfirection or intermittently in the longitudinal direction 
of the absorbent sheet That is. the area in which a superabsorbent polymer is spread can be designed in agreement 
with the end use, so that the absorbent sheet is economically produced. 

The present invention provides uftrathin absorbent articles which contains a large amount of a superabsorbent in a 
fixed state notwithstanding their small thickness. The absorbent articles of the present invention have a high rate of liquid 
absorption, hardly cause a back-flow of absorbed liquid, and have a decreased incidence of leaks. Where an absorbent 
member of an absorbent article consists solely of the absorbent sheet of the present invention, the absorbent article 
can be manufactured through an extremely simplified production process at a high speed, in which the absorbent sheet 
is merely cut to size. Further, since the absorbent sheet comprises a fiber web and a ftoer aggregate which form a unitary 
body, and a superabsorbent polymer is contained in the absorbent sheet the superabsorbent polymer is prevented from 
separating from the absorbent sheet and reducing its absorption performance even when the wearer takes violet exer- 
cise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F»g. 1 A is a cfiao/amrnatical schematic view illustrating the cross section of the f irst absorbent sheet of the present 
invention, and Rg. 1 B is a schematic view illustrating the cross section of the first absorbent sheet of the present invention. 

Rg. 2 is a schematic view illustrating an apparatus which can be preferably used for producing the first absorbent 
sheet of the present invention. 

Fig. 3 is a schematic view illustrating the cross sect ion of the second absorbent sheet of the present invention, 
which corresponds to Fig. 1B. 

Fig. 4 is a schematic view illustrating the cross section of the third absorbent sheet of the present invention, which 
corresponds to Fig; 1B. 

Fig. 5 is a schematic view iBustrating an apparatus which can be preferably used for proo^rig the secorxl absorbent 
sheet of the present invention. 

Rg. 6 is a schematic view aiustrating the cross section of the fourth absorbent sheet of the present invention, which 
corresponds to Rg. IB. 

Fig. 7 is a schematic view illustrating the cross section of the fifth absorbent sheet of the present invention, which 
corresponds to Rg. 1 B. 

Fig. 8 is a schematic view illustrating an apparatus which can be preferably used for producing the fourth absorbent 
sheet of the present invention. 
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Fig. 9 is a schematic view illustrating the cross section of the sixth absorbent sheet of the present invention, which 
corresponds to Ftg. 1 B. 

Fig. 1 0 is a schematic view illustrating an apparatus which can be preferably used for producing the sixth absorbent 
sheet of the present invention. 

Fig. 1 1 is a schematic view illustrating another apparatus which can be preferably used for producing the sixth 
absorbent sheet of the present invention. 

Fig. 12 is a schematic view illustrating the transverse section of a sanitary napkin as a first preferred embodiment 
of the absorb entarticle Becoming to the present invention. - • 5 ^* T *• 

Ftg. 1 3 is a-schematic view illustrating the transverse section of a sanitary napkin as a second preferred ernrxxfiment 
of the absorbent article according to the present invention. 

Fig. 1 A is a schematic view illustrating the transverse sect ion of a sanitary napkin as a third preferred embodiment 
of the absorbent article according to the present invention. 

Ftg. 1 5 is a schematic view aiustrating the transverse section of a sanitary napkin as a fourth preferred ernbodirnent 
of the absorbent article according to the present invention. 

Fig. 16 is a schematic view illustrating the transverse section of a sanitary napkin as a fifth preferred embodiment 
of the absorbent article according to the present invention. 

Fig. 1 7 is a schematic view illustrating the transverse sect ion of a sanitary napkin as a sixth preferred embodiment 
of the absorbent article according to the present invention. 

Fig. 1 8 is a schematic view illustrating measurement of a rate of absorption. 

Fig. 19 is a schematic view illustrating measurement of a back-flow. 

Fig. 20 is a schematic cross section of a conventional sanitary napkin. 

Fig. 21 is a schematic view illustrating the thickness of a sanitary napkin. 

Fig. 22 illustrates a movable model of female hips and crotch. - * r 

Fig. 23 illustrates, the movable model of Fig. 22 with a sanitary napkin applied to the crotch. 
Fig. 24 is a schematic cross section of a conventional absorbent sheet 

Fig. 25 is a schematic view showing an apparatus for measuring the passage time of an aqueous glycerol solution. 
Fig. 26 is a schematic view showing an apparatus tor measuring an absorption height of physiological safine by 
KlemnYs Method. 

DETAILED DESCRIPTION OF THE INVENTION 

The first absorbent sheet of the present invention will be described in detail by referring to the accompanying draw- 
ings. Fig. 1 A is a Diagrammatical schematic cross section of the first absorbent sheet, and Ftg. 1 B is a schematic cross 
section of the first absorbent sheet. 

The first absorbent sheet 1 0 according to the present invention comprises at least hydrophilic fine fibers, and ther- 
mally fusible bonding fibers or a strengthening assistant and a superabsorbent polymer 16. The absorbent sheet 10 
has an absorbent surface 12 for absorbing Bquid. and the absorbent polymer is not present on the absorbent surface 
1 2. and the absorbent polymer 1 6 is distributed inside the absorbent sheet 10. The superabsorbent polymer 1 6 is adhered 
to the hydrophilic fine fibers constituting the absorbent sheet 10. 

, As shown in Fig. 1 A and Fig. 1 B. the first absorbent sheet 10 preferably corrpnses a ftoer aggregate 15 and a ftoer 
web 18. The ftoer aggregate 15 has an absorbent surface 12, and does not contain a superabsorbent polymer 1 6 at the 
side of the absorbent surface 12. 

The ftoer web 18 comprises at least hydrophilic ftoers. 

As shown in Fig. 1 A and Fig. 1 B, the ftoer aggregate 15 and the fiber web 18 forms a unitary body. The superab- 
sorbent polymer 16 is distributed inside the ftoer web 18. 

A preferred embodiment of the first absorbent sheet 10 is characterized by comprising the ftoer aggregate 15 and 
the ftoer web 1 8 in a unitary body, with the superabsorbent polymer 16 contained therein. More specifically, the ftoer 
aggregate 15 and the fiber web 18 are formed in a unitary body through mechanical entanglement of the ftoers consti- 
tuting the ftoer aggregate 1 5 and the ftoers constituting the ftoer web 18, hydrogen bonding (and a strengthening assist- 
ant), heat fusion, and the like. Thus, the superabsorbent polymer 16 is securely fixed in the absorbent sheet 10 and 
prevented from falfing off. The first absorbent sheet 1 0 exhibits improved permeability to liquid absorbed from the absorb- 
ent surface 1 2 and makes the liquid smoothly reach the superabsorbent polymer 1 6. Gel blocking of the superabsorbent 
polymer 16 having absorbed liquid is suppressed. Accordingly, the structure of the first absorbent sheet 10 is entirely 
different from a conventional absorbent sheet (Fig. 24) composed of a pair of sheets of absorbent paper having a super- 
absorbent polymer interposed therebetween. That is, the conventional absorbent sheet is a two-ply sheet while the first 
absorbent sheet 10 is a single-ply sheet 

Such integration of the ftoer aggregate 15 and the ftoer web 18 is preferably achieved by overlaying in wet paper 
making as hereinafter described. 

The fiber web 1 8 in the first absorbent sheet 1 0 is explained betow. 
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The term "fber web" as used herein means a web in which constituent fibers are not at an bound to each other or 
bound very slightly due to hydrogen bonding, mechanical entanglement, frictional force, etc. and have an extremely high 
degree of freedom w~ le wet and. after drying the constituent fbers are firmly bound to each other to take a sheet form. 

It is important that the f ber web 1 8 should be in a wet state in order for the constituent f bers to have an extremely 
high degree of freedom before the superabsorbent polymer 1 6 is spread thereon. The superabsorbent pclvmer 1 6 spread 
over the f ber web *; in a wet state is distributed from the surface to the inside of the fiber web 1 8 and ? ued to the fiber 
web 18. i.e.. three-dtmensionally distributed in the fber web 18. It is also important tor the fber web 18 to have such 
strength enough to prevent the superabsorbent polymer 1 e from precipitating on the surface of the first absorbent sheet 
1 0 after forming the fiber web 1 8 and the f toer aggregate 1 5 into aimitary body. It is pre^rabie to this effect that the fiber 
web 18 has a wet strength of 50 g or more, still preferably 100 g or more, as measL ed according to J IS (Japanese 
Industrial Standard) -P -81 13. In order to endow the fber web 18 with such a wet strength, thermally fusble bonding 
ftoers or a strengthening assistant are incorporated. It is preferable to further incorporate wood pulp or nonwood pulp 
which gives hydrogen bonding. 

The fiber web 18 preferably has a basis weight of 10 to 200 gAn 2 . more preferably 10 to 100 g/m 2 , still preferably 
20 to 80 g/m 2 . If the basis weight is less than 10 g/m 2 , there is a fear of the superabsorbent polymer 16's breaking out 
of the fber web 1 8 and falling off on swelling. If the basts weight exceeds 200 g/m 2 , the fber web has too a high density, 
and the first absorbent sheet 10 becomes too hard, tailing to fix the superabsorbent polymer 16 trree-dimensionaUy. or 
resulting in deteriorated liquid permeabflity. Such a hard absorbent sheet may deteriorate the feel on use. Accordingly, 
the basis weight of the fber web 18 preferably falls within the above range. 

The above- - mentioned fiber web contains at least hydrophilic fibers. The hydrcphilic ftoers are not particularly limited 
as tong as the :;oers have a hydrophilic surface and. whie wet are capable of forming a web in which the ftoers have 
an extremely high degree of freedom from each other. While not limiting, examples of such hydrophilic ftoers include 
natural cellulose f bers, such as wood pulp (e.g.. soft wood kraft pulp, and hard wood kratt pulp) ftoers. cotton pulp ftoers 
and straw pulp f bers. regenerated cellulose f bers. such as rayon and cupra. synthetic hydrophilic fibers, such as polyvinyl 
alcohol fiber and polyacrytonitrile fiber; and synthetic fbers (e.g., polyethylene ftoer. polypropylene ftoer. and polyester 
fiber) having been rendered hydrophilic with a surface active agent These hydrophilic fbers may be used either indi- 
vidually or as a combination thereof. 

The hydrophilic fbers should be present in an amount of at least 30 parts by weight preferably 50 parts by weight 
or more, per 100 parts by weight of the fber web. 

Of the above-enumerated hydrophific fbers preferred are cellulose fbers. Cellulose fbers are preferred tor having 
a stable hydrophilic surface and keeping hydrophificity even after getting wet. Bulky cellulose fbers. such as natural 
cellulose fbers and regenerated cellulose fbers, are particularly preferred. From the economical viewpoint, wood pulp, 
particularly softwood kraft pulp is preferred. Use of the bulky celutose ftoers not only brings about further improvement 
on the dispersibility and the fixability of a superabsorbent polymer but makes it easier to control the drainage properties 
of the fiber web in wet paper making. Further, bulky ceflutose fbers form a bulky fber web having a high void content 
so that a superabsorbent polymer can be easily embedded. Dispersed and fixed therein, and gel blocking of the super- 
absorbent polymer can be prevented. The average fber length of the bulky cellulose fbers is not particularly limited but 
is preferably 1 to 20 mm in general. Also, in the present invention, ftoers obtained by conducting hydrophilicity treatment 
on synthetic fbers such as PET, PE, PP. etc. are also preferably used as the bulky fbers. 

The term "bulky ftoers" herein means fbers having a three-dimensional structure such as a torsion structure, a 
crimped structure, a bent structure and/br branched structure, or alternatively, ftoers having a thick fiber cross-section, 
for example, having a degree of ftoer roughness of 0.3 mg/m or mora 

The bulky cellulose ftoers are preferably present in an amount of 30 parts by weight or more. stOI preferably 50 to 
99 parts bv weight, per 1 00 parts by weight of the fber web. 

A pre red example of the bulky cellulose ftoers is celulose ftoers having a degree of ftoer roughness of 0.3 mg/m 
or more. Such cellulose ftoers are preferred because they are accumulated in a bulky state to easily form a bulky network 
structure in the fiber web and also because the formed ftoer web has low resistance against liquid transfer to afford an 
increased rate of liquid permeation. 

The term "degree of fiber roughness* as used herein means a measure indicative of fineness of ftoers having non- 
uniform fineness. The degree of fiber roughness can be measured, for example, with a ftoer roughness meter "FS-200" 
manufactured by Kajanni Electronics. LTD. 

As stated above, the bulky cellulose ftoers to be used preferably have a degree of fber roughness of 0.3 mg/m or 
more, still preferably 0.3 to 2 mg/m, particularly preferably 0.32 to 1 mg/m. 

Specific examples of the cellulose ftoers having a degree of ftoer roughness of 0.3 mg/m or more include softwood 
kraft pulp -Abace!" produced by Federal Paper Board Co. and "Indorayon" produced by PT Irrb Indorayon Utama. 

Another preferred example of the bulky cellulose fibers is cellulose fbers whose cross section has a degree of fber 
roundness of 0.5 to 1 . particularly 0.55 to 1 . Cellulose fibers having a degree of fber roundness in the ftoer cross section 
of 0.5 to 1 have low resistance against liquid transfer to afford an increased rate of liquid permeation. The method of 
measuring a degree of the fber roundness of the fber cross section will be descrtoed later. 
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While wood putp is preferably used as cellulose fibers as previously mentioned, wood pulp generally has a flat 
section owing to delignination treatment and mostly has a degree of fiber roundness in the f ber cross section of less 
than 0.5. The degree of fber roundness in the fiber cross section of such wood pulp can be increased to 0.5 or more 
by. for example, mercerization to expand the cross section ot wood pulp fbers. 

5 Thus, mercerized pulp having a degree of fiber roundness in the fiber cross section of 0.5 to 1. which is obtained 

by mercerization of wood pulp, is also preferred bulky cellulose fibers. Specific examples of commercialty available 
mercerized pulp which can be used in the present invention include "Rttranier* and "Porosanier" both produced by fTT 
. .Rayonier Inc. ~ *\\~* 

~;.-*Ge!lulose fibers haying a degree of roughness of 0.3 mgfrn or more and a degree of fiber roundness in the fiber 

10 cross section of 0.5 to 1 are particularly preferred tor ease of formation of a bulky network structure and for further 
increasing the rate of liquid permeation. 

A still another preferred example of the bulky cellulose fbers is crosslinked cellulose fbers obtained by intramolecular 
and/or inter molecular crosslinking of cellulose fbers. Crosslinked cellulose fbers are preferred for capabiity of main- 
taining a bulky structure while wet 

is While not particularly Smiting, crossfinking of cellulose f bers can be carried out by using a crosslinking agent. Useful 
crosslinking agents include N-m ethyl ol compounds, such as olmethyloiethyleneurea and dimethyloldirrydraxyethyleneu- 
rea; polycarboxytic acids, such as citric acid, tricarbaflytic acid, and butanetetracarboxytic acid: polyols. such as dimeth- 
ylhydroxy ethyl eneurea: and polyglycidyl ether compounds. Pdycarboxyiic acids or poiyglycidyt ether compounds which 
do not generate formalin harmful to human bodies on crosslinking are preferred. 

20 The crosslinking agent is preferably used in an amount of 0.2 to 20 parts by -weight per 100 parts by weight of 
cellulose fbers. 

Crosslinking of cellulose f bens using the above-mentioned crosslinking agent can be carried out by, for example, 
immersing .cellulose fibers in an aqueous solution of the crosslinking agent containing, if desired, a catalysVdehyo^Bting • 
the impregnated cellulose fibers to have a prescrbed add-on of the crosslinking agent aqueous soltrtioa^and heating 
25 the fibers to a crosslinking temperature; or spraying the crosslinking agent aqueous solution onto the cellulose fbers to 
give a prescribed add-on. followed by heating to the crosslinking temperature to induce crosslinking. 

Commercially available crossfinked cellulose fibers indude "High Bulk Additive" produced by Weyerhaeuser Paper 

Co. 

In addition to the aforesaid preferred bulky cellulose fibers, bulky cellulose fbers obtained by intramolecular and/or 
so irrtermolecular crosslinking of cellulose fbers. e.g.. pulp, having a degree of fiber roughness of 0.3 mg/m or more accord- 
ing to the above-described methods are also preferred. 

Bulky cellulose fibers obtained by intramolecular and/or irrtermolecular crosslinking of pulp having a degree of fber 
roundness in the fiber cross section of 0.5 to 1 according to the above^described crosslinking methods are also preferred. 
Bulky cellulose fbers obtained by irrtramolecutar and/or irtermolecutar crosslinking of mercerized pulp having a 
ss degree of fber roundness in the fiber cross section of 0.5 to 1 according to the above-descrfoed crosslinking methods 
are also preferred. 

More preferred are bulky ceflutose fbers obtained by crosslinking pulp having a degree of fber roughness of 0.3 
mg/m or more and a degree of fber roundness in the fber cross section of 0.5 to 1 according to the above-descrbed 
crosslinldng methods. 

40 Still preferred are bulky cellulose fbers obtained by mercerizing pulp having a degree of fiber roughness of 0.3 
mg/ml or more to increase the degree of fber roundness to 0.5 to 1 and then crossfinking the mercerized pulp according 
to the above-described crosslinking methods. 

In order to keep the structure stable even when the absorbent sheet according to the present invention get wet it 
i s necessary to endow the fiber web with a wet strength, in particular to incorporate thermaJly fusible bonding fbers or 

45 a strengthening assistant 

Also, in order to improve the strength of the absorbent sheet by strengthening the hydrogen bond between the 
cellulose fibers, it may be effective to incorporate ordinary celulose fbers. that is, wood pulp or nonwood pulp or the 
like in place of the thermally fustole boding fibers or the strengthening assistant. However, in order to obtain a sufficient 
wet strength of the absorbent sheet it is preferred to incorporate the ordinary cellulose fbers in combination with the 

so thermally fusible bonding fbers or the strengthening assistant 

The thermally fusible boncfing fbers which can be used are fbers which are fused together upon heating. Examples 
of thermally f usble bonding fbers include potyoJeftn fibers, such as polyethylene, polypropylene, and polyvinyl alcohol, 
polyester fbers, polyethylene-polypropylene conjugate fbers, polyethylene-polyester conjugate fibers, tow-melting pol- 
yester-polyester conjugate fbers, polyvinyl alcohol-polypropytene conjugate fbers having a hydrophiGc surface, and 

55 polyvinyl alcohol-polyester conjugate fbers. The conjugate fbers may be either of a core/sheath type or a side-by-side 
type. These thermally fusible bonding fbers may be used either individually or as a mixture of two or more thereof. 
Polyvinyl alcohol fbers and polyester fibers are preferred for use in the present invention. 

It is generally preferred that the thermally fusible bonding fbers have a fiber length of 2 to 60 mm and a fber diameter 
of 0.1 to 3 denier, particularly 0.5 to 3 denier. 
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As stated above, the fber web is added with a strengthening assistant such as a potyamine-eptchJorohydrin resin, 
dialdehyde starch, sponge or carbox/methyl cellulose. The strengthening assistant is added in an amount of 0.01 to 30 
parts by weight, preferably 0.01 to 20 parts by weight per 100 parts by weight of the f ber web. 

When the thermally fusble bonding f foers are employed, the fiber web preferably comprises 30 to 99 parts by weight 
of the hydrophilic fbers and 1 to 50 parts by weight of the thermaBy fusble bonding fibers per 100 parts by weight of 
the f ber web. Still preferably, the f ber web comprises 50 to 97 parts by weight of the hydrophilic ffoers and 3 to 30 parts 
by weight of the thermaBy fusfcle bonding fbers per 100 parts by weight of the fber web. 

The fber web preferably comprises, for example. 1 to 10 parts by weight of vinyion fibers (polyvinyl alcohol fbers). 
and still preferably 2 to 5 parts by weight of vinyion fibers. The vinyion fbers are preferably those matting on exposure 
to moist heat. 

Alternatively, the fber web preferably comprises, for example, 1 to 30 parts by weight of the thermaBy fusble bonding 
fbers having a- core/sheath structure. stHI preferably 5 to 20 parts by weight of the thermally fusible bonding fbers. 
Examples of the thermally fusble bonding fibers having a core/sheath structure include synthetic fbers composed of a 
sheath made of a polyethylene-vinyl acetate resin, a polyethylene resin or a rrxxfified polyester resin having a melting 
point of 70* to 1 50'C or a moist heat-melting polyvinyl alcohol and a core made of a polypropylene resin or a polyester 
resin 

When the strengthening assistant is employed, it is preferable that the fiber web comprises 30 to 100 parts by weight 
of the hydrophilic fibers. 0 to 50 parts by weight of other fbers. and 0 01 to 30 parts by weight of the strengthening 
assistant per 100 parts by weight of the fber web. It is still preferable that the fber web comprises 50 to 100 parts by 
weight of the hydrophilic fbers. 0 to 20 parts by weight of other fbers, and 0.01 to 20 parts by weight of the strengthening 
assistant per 100 parts by weight of the fber web. 

The fber web preferably comprises, tor example, 30 to 99 parts by weight of the bulky cellulose fbers. 1 to 70 parts 
by weight of wood pulp or nonwood pulp, and 0.01 to;30 parts by weight of the strengthening assistant per 100 parts by 
weight of the fiber web. Still preferably, the fber web- comprises 50 to 95 parts by weight of the bulky cellulose fbers. 5 
to 50 parts by weight of wood pulp or nonwood pulp, and 0.01 to 20 parts by weight of the strengthening assistant per 
1 00 parts by weight of the fber web. 

The superabsorbent polymer 16 which is contained in the f irst absorbent sheet 10 will be explained below. 

As shown in Rg. 1 A. the superabsorbent polymer 16 is contained in the inside of the first absorbent sheet 10 and 
dispersed in the spaces formed among fbers constituting the first absorbent sheet 10. In more detail, as shown in Rg. 
1 B, the superabsorbent polymer 16 is contained primarily in the fiber web 18, i.e.. contained primaray in the area from 
the interface between the fber web 18 and the fber aggregate 15 to the inside of the fber web 18. and is preferably 
dispersed in the spaces formed by the fbers constituting the fber web 1 8. As a result, the superabsorbent polymer 16 
is securely fixed in the first absorbent sheet, and gel blocking of the polymer is prevented. The term "the superabsorbent 
polymer is contained in the first absorbent sheet" as used herein does not mean to exclude existence of the superab- 
sorbent polymer on the surface of the first absorbent sheet Existence of a trace amount of a superabsorbent polymer 
on the surface of the first absorbent sheet is unavoidably accompanied by the preferred process for producing the first 
absorbent sheet hereinafter descrbed. which is permitted in the present invention. Hence, the term means that most of 
the superabsorbent polymer exists in the inside of the first ab so rben t sheet 

The superabsorbent polymer 16 sticks to the hydrophilic fbers constituting the first absorbent sheet 10, preferably 
to the hydrophific fbers constituting the fber web 1 8. whereby fixation of the superabsorbent polymer 1 6 and gel blocking 
of the polymer are further suppressed. The superabsoibent polymer 16 mainly sticks to the hydrophilic fbers. However, 
it does not matter that the superabsorbent polymer 1 6 sticks to other fbers constituting the absorbent sheet for example, 
thermally fusble bonding fbers. Further, not alt the particles of the superabsorbent polymer 1 6 need to stick to the fbers. 
rt is preferable that at least 50% by weight particularly 70% by weight or more, of the total superabsorbent polymer 
should stick to the fbers. The method for sticking the superabsorbent polymer 16 to the fbers will be descrbed later. 

In the case where a superabsorbent polymer agglomerate comprising secondary particles made of spherical primary 
particles is used, not all the primary particles need to stick to the fbers. Only if part of the secondary particles stick to 
the fibers, the superabsorbent polymer can be fixed to the fbers. 

It is preferred for the superabsorbent polymer 16 not to be dispersed in the first absorbent sheet 10 in a layer but 
to be dispersed therein three-dimensional!/ as illustrated in Fig. 1A and Fig. IB. In this case, a large quantity of the 
superabsorbent polymer can be dispersed. That is, in a conventional absorbent sheet with a superabsorbent polymer 
dispersed in a single layer (Le., two^mensionally), the amount of the superabsorbent polymer that can be spread is 
generally about 50 to 100 g/m 2 at the most. In the first absorbent sheet 10. to the contrary, since the superabsorbent 
polymer 16 can be dispersed three-dimensionaHy. the upper trnrt of the amount of the polymer to be spread can be 
raised to about 200 to 300 g/m 2 , thus increasing the amount of spread the superabsorbent polymer 16 about 3 times 
as much as the permissive amount in a conventional absorbent sheet. As a result the absorbent sheet 10 shows a 
marked increase in liquid absorption. Further, the absorption performance inherent in the superabsorbent polymer 16 
can be manifested more effectively owing to the three-dimensionally dispersed system of the polymer. That is. with the 
amount of a superabsorbent polymer used being equal, the first absorbent sheet 10 exhibits improved absorption char- 



EP 0 719 531 A1 



acteristics and may have its thickness extremely reduced as compared with the conventional one. Adcftionally. since 
the amount of the superabsofbertt polymer to be spread may be increased, the absorbent sheet can be suitably used 
as an absorbent member of disposable diapers, etc. which require a high absorption capacity. 

The superabsorbent polymer is spread in an amount of 5 to 300 g/m 2 , preferably 10 to 250 g/m 2 . Also, when the 
amount of the liquid to be absorbed is not too large, the amount of the superabsorbent polymer is preferably 20 to 70 
mg per 1 m 2 of the absorbent sheet If the amount is less than 5 g/m 2 , the superabsorbent polymer lacks in absorptivity, 
failing to exercise sufficient functions. If it exceeds 300 g/m 2 . the adhesive strength between the ftoer web and the ftoer 
aggregate is reduced, and the superabsorbent polymer is fiable to fall off. It is therefore preferred that the amount of the 
superabsorbent polymer to be spread fafls within the above range. 

The superabsorbent polymer 16 is preferably such that it can absorb and retain 20 or more times as much fiquid as 
its own weight and is capable of gelation on absorption. The shape of the superabsorbent polymer 16 is not particularly 
limited and the superabsorbent polymer 16 may be in the form of sphere, aggregate, duster, powder or ftoer. Preferably, 
the superabsorbent polymer is in the form of partide having a particle size of 1 to 1000 \un (still preferably 10 to 500 
|tm). Such superabsorbent polymers include starch, crossfinked carboxym ethyl cellulose, polymers or copolymers of 
acrylic acid or an alkali metal salt thereof, polyacrylic acid and a salt thereof, and pol yacrylate-g rafted polymers. A sodium 
salt is referred as pdyacrylate. Also useful for preference are copolymers prepared by copotymerizing acrylic acid with 
comonomers. such as maleic acid, itaconic add, acrylamide. 2^cryfamido-2^ethytpiopanesurfbnic acid, 2-{meth)acry- 
loylethanesuftonic add, 2-bydroxyethyl (meth)acrylate or styrenesutfonic acid, at a copolymenzation ratio that would not 
impair the performances of superabsorbent polymers. 

The fiber aggregate 1 5 having the absorbent surface 12 in the first absorbent sheet 10 will be explained below. 

The term "absorbent surface" as used herein denotes the surface which is. in principle, the first to absorb liquid 
when the first absorbent sheet 1 0 absorbs liquid. In other words, in a preferred embodiment of the first absorbent sheet 
31 0.~liquid:isiprimarily absorbed from the side of the ftoer aggregate 1 5. :•■ tO - 4iatHaMs.-e«H u-rr 

The fiber aggregate does not contain the superabsorbent polymer on the side of the absorbent stirtacte Thereof. The 
term "not contain the absorbent polymer" as used herein does not mean that no superabsorbent polymer is present at 
all on the side of the absorbent surface. Existence of a trace amount of a superabsorbent polymer on the absorbing side 
is unavoidably accompanied by the preferred process for producing the first absorbent sheet hereinafter described, 
which is permitted in the present invention. Hence, the term means that the absorbing side of the ftoer aggregate contains 
substantially no superabsorbent polymer. 

The fiber aggregate can be obtained through mechanical or physical entanglement of ftoers, heat fusion, and the 
like, and indudes paper and nonwoven fabric. Paper which can be used as ftoer aggregate indudes paper prepared by 
wet paper making or crepe paper thereof, that is. the superabsorbent polymer is not present Nonwoven fabric to be 
used includes various lends, such as nonwoven fabric prepared by carding, spun bonded fabric, spun lace fabric, con- 
sisting mainly of synthetic cellulose fibers, such as rayon or cuprarnmonium rayon, or natural cellulose ftoers, such as 
cotton. 

The fiber aggregate preferably contains hydrophific fibers. The same hydrophilic fibers as used in the fiber web can 
be used. The hydrophilic f foers are preferably present in an amount of 30 parts by weight or more, still preferably 50 to 
99 parts by weight per 1 00 parts by weight of the ftoer aggregate. 

The fiber aggregate is preferably endowed with wet strength similarly to the ftoer web; for the first absorbent sheet 
using the fiber aggregate endowed with wet strength can retain its shape stably after being wetted. The ftoer aggregate 
preferably has a wet strength of 50 g or more, still preferably 100 g or more, as measured accorcSng to JIS-P-81 13. In 
order to provide the ftoer aggregate with such a wet strength, the above-rnentioned thermally fusible bonding ftoers, or 
the strengthening assistant are incorporated in the same manner as for the f ber web. Also, it is preferable to further 
incorporate wood pulp or nonwoven pulp which gives hydrogen bonding. The thermally fusible bonding ftoers are pref- 
erably added in an amount of 1 to 50 parts by weight, still preferably 3 to 30 parts by weight, per 1 00 parts by weight of 
the fiber aggregate. The strengthening assistant is preferably used in an amount of 0.01 to 30 parts by weight still 
preferably 0.02 to 20 parts by weight per 100 parts by weight of the fber aggregate 

It is particularly preferable that the fiber aggregate is comprised of the same formulation of the ftoers and components 
constituting the above-mentioned ftoer web. 

It is also preferred that the fiber aggregate comprises nonwoven fabric, especially dry processed nonwoven fabric, 
for example nonwoven fabric obtained by carding. In particular, where the first absorbent sheet is applied to absorbent 
articles having the structure shown in Figs. 16 and 17, in which the absorbent sheet also serves as a liquid permeable 
topsheet, use of nonwoven fabric made of synthetic ftoers as a ftoer aggregate provides an absorbent artide with a 
further improved feel of dryness. 

The fber aggregate preferably has a basis weight of 10 to 200 g/m 2 , still preferably 10 to 100 g/m 2 . If the basis 
weight is less than 10 g/m 2 . there is a fear of the swoflen superabsorbent polymer's breaking out of the ftoer aggregate 
to fall off. If rt exceeds 200 g/m 2 . the fiber aggregate has too high a density, making the absorbent sheet too hard. 
Accordingly, the basis weight of the fiber aggregate preferably falls within the above range. 



EP 0 719 531 A1 



The fber aggregate may be previously prepared prior to the preparation of the fiber web. or it may be prepared 
simultaneously with the fber web in the production of the first absorbent sheet 

In the first absorbent sheet it is preferable that the f ber aggregate has a basis weight of 1 0 to 200 g/m 2 ; the amount 
of the spread superabsortoent polymer is 5 to 300 g/m 2 ; and the fber web has a basis weight of 1 0 to 200 g/m 2 . It is still 
preferable that the fber aggregate has a basis weight of 10 to 100 g/m 2 ; the amount of the spread superabsorbent 
polymer is 5 to 200 g/m 2 ; and the fber web has a basis weight of 10 to 100 g/m 2 . 

The first absorbent sheet preferably has a total basis weight of 21 to 500 g/m 2 . more preferably 30 to 300 g/m 2 . stili 
preferably 50 to 200 gmi 2 . 

The first absorbent sheet has preferably a fber density of 0.1 g/cm 3 or more, more preferably 0.1 to 0.4 g/cm 3 , still 
preferably 0.1 to 0.2 g/cm 3 . When the fber density falls within the above range, gel blocking of the superabsorbent 
polymer is suppressed more efficiently. The fber density falling within the above range can be easily obtained by using 
hydrophilic bulky cellu'ose fbers (in particular, bulky cellulose fbers). 

A still preferred embodiment of the first absorbent sheet is an absorbent sheet which comprises a fber structure 
comprising bulky hydrophilic cellulose fbers ancj thermally fusible boncfing fbers or a strerr -sening assistant and super- 
absorbent polymer particles. 

the superabsorbent polymer particles being not present on an absorbent surfec« of the absorbent sheet for 
absorbing the liquid but distrbuted inside and fixed to the fber structure; and 

the absorbent sheet having a thickness of 0.3 to 1.5 mm, and the superabsorbent polymer being spread at an 
amount of 20 to 70 g per 1 m 2 of the absorbent sheet Such an absorbent sheet has a very small thickness. Further, 
the sheet hardly increases its thickness even after absorbing liquid when the quantity of absorbed liquid is not too large. 
Accordingly, such an absorbent sheet when used as an absorbent member in a sanitary napkin or the like, gives a 
feeling free from discomfort even after absorbing menstration blood when worn. 

When the absorbent sheet according to the present invention is used as an absorbent member of a sanitary napkin, 
in the absorbent sheet ■ *- v * 1 ~- 

the superabsorbent polymer is preferably spread at an amount of 1 0 to 1 00 g/m 2 , more preferably 20 to 70 g/m 2 ; 
the basis weight of the fiber aggregate is preferably 1 0 to 80 g/m 2 . more preferably 1 5 to 50 g/m 2 ; 
the basis weight of the fiber web is preferably 10 to 80 g/m 2 . more preferably 15 to 50 g/m 2 ; and 
the thickness of the absorbent sheet is preferably 0.3 to 1 .5 mm. 
On the other hand, when the absorbent sheet according to the present invention is used as an absorbent member 
for retaining a large amount of liquid, for example, an absorbent member of a disposable cSaper in the absorbent sheet, 
the superabsorbent polymer is preferably spread at an amount of 50 to 300 gArf, more preferably 1 00 to 250 g/m 2 ; 
the basis weight of the fber aggregate is preferably 20 to 200 g/m 2 . more preferably 20 to 1 00 g/m 2 ; 
the basis weight of the fber web is preferably 20 to 200 g/m 2 , more preferably 20 to 100 g/m 2 ; and 
the thickness of the absorbent sheet is preferably 0.5 to 1 .5 mm. 
The thickness of the absorbent sheet can be made to be very small since the superabsorbent polymer is scattered 
in and adhered to the fbers and therefore the sheet exhfcnts an excellent absorbing efficiency. In particular, it is preferred 
to use bulky cellulose fbers since the scattered state of the absorbent polymer is further enhanced. 

Addrtionally; the first absorbent sheet has a thickness of 0.3 to ^ .5 mm, preferably 0.5 to 1 2. mm. under an applied 
load of 2.5 g/cm 2 . Thus, the first absorbent sheet has a very small thickness. Besides, increase in the thickness the 
sheet is small even after the sheet has absorbed liquid. This ts because, when the sheet absorbs lr »d. the absorbent 
polymer becomes large and the distances between the fbers increase, only to thereby increase tne thickness of the 
absorbent sheet and because the increase in thickness of the absorbent sheet is not caused by resilient forces of the 
fbers as disclosed in USP No. 4.605.402 and USP No. 5.021.050. 

The thickness of the first absorbent sheet is measured after the fber aggregate 15 and the fber web 1 8 are formed 
into a unitary body. The thickness is smaBer than the thickness obtained by measuring before they are formed into a 
unitary body. The thermally fusble bonding fbers or the strengthening assistant also greatly contribute to the forming 
the unitary body. 

Also, in the first absorbent sheet, as c escribed above, since the absorbent polymer is scattered in and fixed to the 
fibers, and the absorbent sheet exhibits a- excellent absorption efficiency, the thickness of absorbent member can be 
made very small. In particular, bulky cetimose fbers are preferably used since the scattered state of the absorbent 
polymer is further enhanced. Since the superabsorbent polymer is in dose contact with the fbers and the fber aggregate 
1 5 and the fber web 1 8. the liquid is smoothly transferred to the superabsorbent polymer. 

A process which can be preferably used for the production of the first absorbent sheet will be described below by 
referring to the drawings. Fig. 2 is a schematic view illustrating an apparatus which can be preferably used for the pro- 
duction of the first absorbent sheet of the present invention. 

This process is one for preparing an absorbent sheet comprising at least hydrophilic fbers and thermally fusible 
bonding fibers or a strengthening assistant and a superabsorbent polymer, and is characterized by comprising the steps 
of 

spreading the superabsorbent polymer on a wet fiber web which is prepared by a wet process from an aqueous 
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slurry comprising at least hydrophilic f bers and the thermally bonding fbers or the strengthening assistant; 

overlaying thereon a fiber aggregate comprising the hydrophilic fbers and the thermally fusble borxfing f bers or 
the strengthening assistant and 

drying a combination of the fber web and the fiber aggregate to form a unitary body thereof. 
The process makes it possble to readily scatter the superabsorbent polymer in the inside of the absorbent sheet 
while keeping the polymer from being present on the absorbent surface of the absorbent sheet for absorbing liquid. Also, 
the process make it possble to readfly adhere and fix the polymer to the hydrophilic f bers constituting the absorbent 
sheet Further, it make it possble to easily make the thickness of the absorbent sheet very small, that is, 0.3 to 1.5 mm. 

First of al. afber web comprising at least hydrophilic fbers is formed. The method for forming the fber web is not 
particularly restricted. Either a dry paper making process or a wet paper making process can be used, with the latter 
being preferred. As hereinafter described, the fber web on which the superabsorbent polymer is spread must be wet, 
and the fbers of the web should have an extremely high degree of freedom. A wet paper making method provides a 
fber web as wet saving labor for separately wetting a fber web. Further, fibers of a fber web obtained by a wet process 
are not sufficiently bound to each other before they are dried. A superabsorbent polymer spread over such a wet fber 
web is readily embedded three-cfimensionally in the spaces formed among fbers, thereby a large amount of the super- 
absorbent polymer can be spread. 

In carrying out wet paper making for preparing a fber web, fber web-forming fbers and components, preferably the 
above-described hydrophilic fbers, and the thermally fusible bonding fibers, or the strengthening assistant, are dispersed 
in water in prescrbed concentrations to prepare a slurry. The concentrations of the hydrophilic fbers. and thermally 
fusible bonding fbers. or the strengthening assistant in the slurry are selected from those used in general wet paper 
making. The proportions of the hydrophilic fbers. and thermally fusible bonding fbers. a strengthening assistant or the 
like in the slurry are selected so that the resulting fber web may have the above-mentioned composition. 

a, Over the thus obtained fber web is spread the aforesaid superabsorbent polymer. The fber web preferably has 
such wetness as containing about 20 to 500 parts by weight still preferably 50 to 300 parts by weight of water per 100 
parts by weight of the fber web on a dry basis. If the water content is less than 20 parts by weight the spread super- 
absorbent polymer cannot absorb sufficient water to swell and to acquire stickiness, and therefore fixing of the super- 
absorbent polymer tends to be insuff ka ent. H the water content exceeds 500 parts by weight, the superabsorbent polymer 
absorbs excessive water and tends to tail to dry up in the drying step hereinafter described. Accordingly, the water 
content of the wet fiber web preferably fails within the above range. 

The superabsorbent polymer is spread over a wet fber web, whereby the superabsorbent polymer absorbs water, 
assumes stickiness, and is embedded into the fbers constituting the fber web, and aohered and fixed to the fbers! 
Since the fbers constituting the wet fber web are not yet bound to each other and have freedom, the superabsorbent 
polymer can be dispersed therein three-dimensionaJly. Accorolngfy. a larger amount of a superabsorbent polymer can 
be fixed stably than in conventional absorbent sheets. The superabsorbent polymer may be spread uniformly all over 
the wet fber web or. if desired, may be spread partty in stripes parallel at certain intervals in the longitudinal direction 
or may be spread irrterrrtittentfy in the longitudinal ejection. 

Then, the above-descrfoed fber aggregate is overlaid on tie fber web with the superabsorbent polymer on. Since 
the fbers in the fber web still have freedom at the time, the superabsorbent polymer are embedded deeper into the fber 
web, and the fbers of the fber web and those of the fber aggregate are easily entangled with each other. 

The laminate of the fber web and the fber aggregate is subsequently dried, whereupon the fbers are entangled 
with each other, the actions of hydrogen bonds and heat fusion are added thereto, and the fber web and the fber 
aggregate are formed into a unitary body to provide the first absorbent sheet The drying temperature preferably ranges 
from 100 to 180*C. still preferably from 105 to 150-C. while varying depencfing on the kind of the fbers used. Through 
this step, the fber web and the fber aggregate are formed into a unitary body, and the fbers constituting the fber web 
are bound to each other into a sheet The drying means is not particularly limited and includes, for example, a Yankee 
dryer and an air-through dryer. 

In a particularly preferred embodiment the first absorbent sheet is produced at a single step in an in-line system 
using a wet paper making machine. As shown in Ftg. 2. the fber web 18 is formed in a forming part 140 of a wet paper 
making machine and dehydrated in a suction dehyoration step 142. The dehydration is carried out to the extent that a 
water content is 20 to 500 parts by weight per 1 00 parts by weight of the dry fber web. The superabsorbent polymer 1 6 
is spread over the fber web 18 immediately before a press part 144. and the fber aggregate IS is overlaid thereon 
concurrently. The resulting laminate is carried on a conveyor 145 to a dryer 146. where the laminate is dried and formed 
into a unitary body. The first absorbent sheet 10 can thus be produced at a high speed with ease. 

Usual paper making machines, such as a wire paper making machine and a cylinder paper making machine, can 
be used in the in-line system. As for other steps than the above, steps generally used in paper making can be adopted 
appropriately. 

While production of the first absorbent sheet of the present invention has been descrbed with reference to its pre- 
ferred embodiments, the process tor producing the first absorbent sheet is by no means limited thereto. 



EP 0 71 9 531 A I 



The second and third absorbent sheets according to the present invention wfll be described in detail by referring to 
the drawings. Rg. 3 is a schematic cross section of the second absorbent sheet and Fig. 4 is a schematic cross section 
of the third absorbent sheet. Rgs. 3 and 4 corresponding to Rg.1B. 

While not giving particulars, the same explanation given to Fig. 1 A and Fig. 1 B applies to the corresponding parts 
of Figs. 3 and 4. The same reference numerals as used in Fig. 1A and Fig. 1B are also used for the same members ri 
Figs. 3 and 4. 

First of all. the second absorbent sheet will be descrbed. As shown in Fig. 3. the second absorbent sheet 20 is an 
absorbent sheet containing at least a superabsorbent polymer, bulky cellulose fbers. and hydrophilic fine fbers. The 
second absorbent sheet 20 comprises the fber aggregate 15 and the fiber web 18. The fiber aggregate 15 has the 
absorbent surface 12 and does not contain a superabsorbent polymer at the side of the absorbent surface 12. The fiber 
aggregate 1 5 predominantly comprises buftcy ceBulose fbers 13 having a degree of fber roughness of 0.3 mg/m or more. 

As shown in Fig. 3. the fber web 18 comprises a permeable layer 17 predominantly comprising the bulky cellulose 
f bers 1 3 having a degree of fber roughness of 0.3 mg/m or more and a diffusing layer 19 being located adjacent to the 
permeable layer and comprising the bufrcy cellulose fbers 13 having a degree of fber roughness of 0.3 mg/m or more 
and hydrophilic fine fibers 14. The fiber web 18 is located adjacent to the fiber aggregate 15 at the permeable layer 17 
thereof. 

As shown in Rg. 3, the fiber aggregate 15 and the fber web 18 are in a unitary body. The superabsorbent polymer 
1 6 is contained in the second absorbent sheet 20. while sticking to the fbers constituting the second absorbent sheet 20. 

Thus, the second absorbent sheet 20 is characterized by comprising the fber aggregate 15 and the fber web 18 
in an uftrathin unitary body, with the superabsorbent polymer 16 contained therein. Such an urtrathin unitary structure 
of the second absorbent sheet 20 is the same as in the first absorbent sheet. While not going into details, the explanation 
made for the unitary structure of the first absorbent sheet applies appropriately to the second absorbent sheet 

The permeable layer 1 7 and the diffusing layer 19 which constitute the fiber web 18 will be each descrbed. 

First the permeable layer 17 will be descrbed. 

The permeable layer 1 7 predominantly comprises bulky cellulose fbers having a degree of fiber roughness of 0.3 
mg/m or more. The permeable layer 17 having such a structure is capable of stably securing spaces where liquid is 
temporarily absorbed and is allowed to quickly pass therethrough. 

The permeable layer 1 7 preferably has a thickness of 0. 1 to 1 .5 mm. If the thickness is less than 0. 1 mm. the liquid 
absorbing space for temporary absorption would be small only to provide insufficient absorption performance. If the 
thickness exceeds 1.5 mm. absorbed liquid is hardly transferred to the diffusing layer 19. Accordingly, the thickness 
preferably falls within the above range. A still preferred thickness of the permeable layer 17 is 0.2 to 0.7 mm. 

It is particularly preferred for the permeable layer 1 7 to give fiquid a quick passage therethrough. More specifically, 
a passage of 1 0 g of a 85 wt% aqueous solution of glycerin is preferably accomplshed within 50 seconds, still preferably 
5 to 40 seconds. A permeable layer requiring more than 50 seconds tor that passage makes it difficult for liquid to be 
transferred rapidly, and the liquid tends to be retained within the permeable layer 1 7 for a long time. The above-described 
passage time is measured in accordance with the following procedure with the apparatus shown in Fig. 25. - 

First the absorbent paper is cut into test pieces 340 having a see of 50 mm x 50 mm as shown in Ftg. 25. Thereafter, 
as illustrated in Fig. 25. the test piece 340 is sandwiched and fixed between the ends of upper and lower glass pipes 
341. 345 having an inner diameter of 35 mm. At this time, the test piece 340 is fixed from both sides with clips (not 
shown) via a sflicone rubber 342 such that no Squid would leak laterally during the measurement. As the test liquid, 10 
g of an 85% by weight aqueous glycerol solution 343 is taken into a 1 0-ml beaker 344 and gently poured from the beaker 
344 into the upper glass pipe 341. After the 85 % by weight aqueous glycerol solution 343 has been poured into the 
upper glass pipe 341 . the time taken for a portion of the surface of the test piece 340. which portion corresponds to at 
least 50% of the opening area of the glass pipe 341, to appear is measured. The time thus measured is taken as the 
passage time. 

The test liquid (i.e.. the 85 % by weight aqueous glycerol solution) is prepared in the manner descrbed below. 

After mixing 85 g of glycerol (supplied by Wako Chemical Industries. Ltd.) with 15 g of ion-exchanged water. 0.01 
g of Blue No. 1 for food {colorant supplied by Tokyo Kasei Kogyo K.K.) is added to the resulting mixture in order to color 
the test liquid in blue. 

The permeable layer 1 7 preferably contains 50 to 98 parts by weight of bulky cellulose fbers having a degree of 
fber roughness of 0.3 rng/rn or more and 2 to 50 parts by weight of thermafly fusbie bonding fbers. If the proportion of 
the bulky cellulose fbers is less than 50 parts by weight, or if that of the thermally fusbie bonding fbers exceeds 50 
parts by we; ght. the permeable layer 1 7 tends to have reduced liquid permeability. If the proportion of the bulky cellulose 
fbers is more than 98 parts by weight or if that of the thermally fusible bonding fibers is less than 2 parts by weight, 
sheeting of the permeable layer 17 tends to be difficult Accordingly, the above ratio is preferred. Still preferably, the 
permeable layer 1 7 comprises 70 to 98 parts by weight of bulky cellulose fbers and 2 to 30 parts by weight of thermally 
fusible bonding fibers. 

The diffusing layer 1 9 which constitutes the fiber web in combination with the permeable layer 1 7 is described below. 
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The diffusing layer 19 comprises bulky cellulose ftoers having a degree of fber roughness of 0.3 mg/m or more and 
hydrophitic fine fbers. The diffusing layer 19 having such a structure ts capable of quickly diffusing liquid over a wide 
area. In particular, even when a large quantity of liquid is absorbed at a time, the diffusing layer 19 absorbs the liquid 
rapidly and sufficiently. 

The diffusing layer 1 9 preferably has a thickness of 0.2 to 2.0 mm If the thickness is less than 0.2 mm. the spaces 
for diffusing liquid tends to be too small to exhtoit sufficient otffusing performance. If the thickness exceeds 2.0 mm. 
liquid is interfered with smooth diffusion. Accordingly, the thickness preferably falls within the above range. A still preferred 
thickness of the diffusing layer 19 is QJ2 to 1 .5 mm. 

It is particularly preferred that th e diffusing layer 1 9 quiddy diffuses liquid over a wide area. To this effect the Diffusing 
layer 19 preferably has an absorption height after 1 minute absorption of physiological saline by Klemm's Method of 50 
mm or more, and an absorption height after 10 minutes absorption of physiological saline by Klemm's Method of 100 
mm or more. At the absorption height by Klemm's Method is less than these levels, the diffusing layer 19 has poor liquid 
diffusfoility. A still preferred absorption height after 1 minute absorption of physiological saf ne by Klemm's Method is 60 
to 120 mm and an a bsorp ti on height after 10 minutes absorption of physiological saf ne by Klemm's Method is 120 to 
300 mm. The absorption height by Klemm's Method is measured in accordance with the following procedure with the 
apparatus shown in Rg. 26. 

First the absorbent paper is cut into test pieces 330 having a size of 300 mm x 20 mm as shown in Fig. 26. Thereafter, 
as aiustrated in Fig. 26. the test piece 330 is hung from a support 331 . and the upper and lower ends of the test piece 
330 are fixed such that it might not be slack. Also, a physiological saline 333 serving as a test liquid is introduced to a 
depth of 40 mm in a rectangular vessel 332 having a size of 300 x 100 x 50 mm (length x width x depth), and the test 
piece 330 is immersed in the physiological saline 333. 

The height of the test fiquid. which has been absorbed by the test piece 330. the height being taken from the surface 
of the test liquid, is measured 1 minute after the immersion of the test piece 330: Also, the height of the test fiquid, which 
has been absorbed by the test piece 330. the height being taken from the surface of the test liquid, is measured 10 
minutes after the immersion of the test piece 30. 

For each of the absorption heights by Klemm's Method after 1 minute and after 10 minutes, the aforesaid test is 
repeated by using 10 test pieces, and a mean value of the 10 measured values is calculated. In this manner, the absorp- 
tion height by Klemm's Method h, after 1 minute and the absorption height by Klemm's Method h 10 after 10 minutes are 
obtained. 

The diffusing layer 19 preferably comprises 20 to 80 parts by weight of bulky cellulose having a degree of fber 
roughness of 0.3 mg/m or more. 20 to 80 parts by weight of hydrophiOc fine ftoers, and 0 to 30 parts by weight of thermally 
fusible bonding fibers. If the proportion of the bulky ceftutose fbers is less than 20 parts by weight or if that of the 
hydrophific fine fbers exceeds 80 parts by weight a strong tension is exerted among fbers during preparation of the 
diffusing layer 19. especially in a wet process, to thereby reduce the liquid at>sorbing spaces, so that the substantial 
spaces for liquid diffusion tend to be reduced. If the proportion of the bulky cellulose fbers exceeds 80 parts by weight, 
or if that of the hydrophific fine fbers is less than 20 parts by weight the distance among fbers tends to become too 
large to exhtoit sufficient liquid diffusion. Accordingly, the ratio of these materials preferably feBs within the above range. 

Incorporation of up to 30 parts by weight of the thermally fusible borxfng fbers is preferable to ensure stabflization 
of the fiber spaces while wet ft is particularly preferred that the diffusing layer 19 comprises 30 to 70 parts by weight of 
the bulky cellulose fbers having a degree of fber roughness of 0.3 mg/m or more. 30 to 70 parts by weight of the 
hydrophific fine fbers. and 0 to 20 parts by weight of the thermally hisble bonding fbers. 

The descriptions given to the bulky cellulose fbers and the thermally fusbie bonding fbers which constitute the 
permeable layer 17 appropriately apply to those fbers to be used in the diffusing layer 19. The bulky cellulose fbers 
and the thermally fusbie bonding fbers used in the diffusing layer 19 and those used in permeable layer may be of the 
same or different kinds, but are preferably of the same kinds. 

The hydrophilic fine fbers which constitutes the cfiffusing layer 19 include those having a hydrophilic surface and a 
targe surface area. More specifically, it is preferable to use hydrophific fine fbers having a degree of fber roughness of 
less than 0.3 mg/m. still preferably less than 0.2 mg/m. particularly preferably 0.01 to 0.2 mg/m. and a degree of fber 
roundness in the fber cross section of less than 0.5. still preferably 0.1 to 0.4. The average fber length of the hydrophific 
fine fibers is not particularly limited but in general, preferably ranges from 0.02 to 0.5 mm. 

Examples of the hydrophific fine fbers include cellulose fbers, such as wood pulp, cotton, and rayon; and synthetic 
ftoers having a hydrophiic group, such as acrylonrtrile and polyvinyl alcohol. Preferred of them is wood pulp; for it is 
inexpensive, and its surface area can be varied by controfling beating conditions. Examples of the wood pulp includes 
fine fibers obtained by finely beating softwood kraft pulp. e.g.. "Skeena Prime" produced by Skeena Cellulose Co.. hard- 
wood kraft pulp "Prime Albert Aspen Hardwood" produced by Weyerhaeuser Paper Co., and straw pulp. These 
hydrophilic fine fbers may be used either individually or as a mixture of two or more thereof. 

The superabsorbent polymer 16 which is contained in the second absorbent sheet 20 is then described. 

As shown in Rg. 3, the superabsorbent polymer 16 is contained in the inside of the second absorbent sheet 20. It 
is dispersed in the spaces formed among ftoers constituting the second absorbent sheet 20. In more detail, as shown 
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in Fig. 3, the superabsorbent polymer 16 is mostly contained in the inside of the fber web 18. i.e.. contained primarily 
in the area fiom the interface between the fiber web 18 and the fiber aggregate 15 to the inside of the fiber web 18, 
especially in the permeable layer 17, and is preferably dispersed in the spaces formed among fbers constituting the 
fber web 18. 

The superabsorbent polymer 16 sticks to the fbers constituting the second absorbent sheet 20. preferably to the 
fibers constituting the fiber web 18. still preferably to the fbers constituting the permeable layer 17. 

As tor other points concerning the superabsorbent polymer, for example, the dispersed state, the kind, the amount 
to be spread, and various physical properties, the corresponc5ng explanation made for the superabsorbent polymer used 
in me first absorbent sheet is appropriately applied. 

There is a diffusion gradient in the second absorbent sheet 20 having the above-mentioned unitary structure. In 
detail, the absorbent surface 12 of the second absorbent sheet 20 has high liquid permeability so that little liquid remains 
on the absorbent surface 12. Passing through the permeable layer 17. the absorbed liquid rapidly reaches the super- 
absorbent polymer 16 and is diffused throughout the entire area of the second absorbent sheet 20. preferentially in the 
. diffusing layer 1 9 having high diffusing properties. Thus, since the second absorbent sheet 20 combines a permeation 
function, a diffusion function, and a fixing function in its single structure, it can fix liquid in the superabsorbent polymer 
.16 quickly and securely. 

The third absorbent sheet according to the present invention wiB be described below. 

As shown in Fig. 4, third absorbent sheet 30 comprises at least a superabsorbent polymer, bulky cellulose fibers, 
and hydrophilic fine fbers. The third absorbent sheet 30 comprises the fber aggregate 15 and the fiber web 18. The 
fiber aggregate 15 has the absorbent surface 12 and does not contain the superabsorbent polymer on the side of the 
absorbent surface 12. The fiber aggregate 15 comprises the permeable layer 17 mainly comprising the bulky cellulose 
fibers 13 having a degree of fber roughness of 0.3 mg/m or more and the diffusing layer 19 being located adjacent to 
the permeable layer 17 and comprising the bulky cellulose fbers 13 having a degree of fber roughness of 0.3 mg/m ot^ 
more and the hydrophilic fine fbers 14. T 

As shown in Fig. 4, the fber web 1 8 predominantly comprising bulky cePuiose fibers having a degree of fber rough- 
ness of 0.3 mg/m or more. The fiber web 18 is located adjacent to the diffusing layer 19 of the fber aggregate 15. 

As shown in Fig. 4, the fber aggregate 1 5 and the fber web 18 are in a unitary body. The superabsorbent polymer 
1 6 is contained in third absorbent sheet 30 and sticks to the fbers constituting third absorbent sheet 30. 

Similarly to the first absorbent sheet 10. the third absorbent sheet 30 is characterized by its uttrathin unitary structure 
which comprises the fiber aggregate 1 5 and the fber web 1 8 and contains the superabsorbent polymer 1 6 in the inside 
thereof. Such uttrathin unitary structure is the same as in the first absorbent sheet, and the explanation given to the 
unitary structure of the first absorbent sheet also applies to the third absorbent sheet 

The superabsorbent polymer 16 contained in the third absorbent sheet 30 is described below. 
Similarly to the first absorbent sheet the superabsorbent polymer 16 is contained in the third absorbent sheet 30 
as dispersed in the spaces formed among fbers constituting third absorbent sheet 30. In more detail, as shown in Rg. 
4, the superabsorbent polymer 16 is contained primarily in the fber web 18. i.e.. contained primarily in the area from 
the interface between the fber web 18 and the fber aggregate 15 to the inside of the fber web 18. and is preferably 
dispersed in the spaces formed by the fbers constituting the fber web 18. 

The superabsorbent polymer 16 sticks to the fibers constituting third absorbent sheet 30, preferably to the fbers 
constituting the fber web 1 8. 

The fber aggregate 15 having the absorbent surface 12 in the third absorbent sheet is described below. 
The fber aggregate 1 5 has an absorbent surface 1 2, and the fiber aggregate does not contain the superabsorbent 
polymer at the side of the absorbent surface 12. 

The fber aggregate 15 comprises a permeable layer 17 predominantly comprising bulky cellulose fbers having a 
degree of fber roughness of 0.3 mg/m or more and the diffusing layer 19, which adjoins the permeable layer 17, com- 
prising bufcy cellulose fbers having a degree of fber roughness of 0.3 mg/m or more and hydrophilic fine fbers. The 
surface of the permeable layer 1 7 corresponds to the absorbent surface 12. 

The diffusing layer 19 of the fber aggregate 15 adorns the fber web 18 as shown in Rg. 4. 
For the details of the permeable layer 17 and the diffusing layer 19 which compose the fiber aggregate 15. the 
corresponding explanation given to these layers of the second absorbent sheet 20 applies appropriately. 

For details of the bulky cellulose fbers and hydrophilic fbers constituting the permeable layer 1 7 and the diffusing 
layer 1 9, the corresponding explanation given to these fibers of the second absorbent sheet 20 appfies appropriately. 

Similarly to the second absorbent sheet 20, the third absorbent sheet 30 exhbrts gradation in liquid diffuse - rom 
the absorbent surface 12 toward the inside. In more detail, the vicinities of the absorbent surface 12. particuic the 
permeable layer 1 7 of third absorbent sheet 30 have high liquid permeability so that liquid is rapidly transferee - the 
diffusing layer 1 9. In the vicinities of the superabsorbent polymer 1 6. the liquid is diffused throughout the entire & ea of 
the third absorbent sheet 30 and retained by the superabsorbent polymer 16. Thus, similarly to the second absorbent 
sheet, third absorbent sheet 30 combines a permeation function, a diffusion function, and a fixing function in its single 
structure, it can fix liquid in the superabsorbent polymer 16 quicWy and securely. 



EP 0 719 531 A1 



A process which can be preferably used for the production of the second and third absorbent sheets will be descrbed 
below by referring to the drawings. Fig. 5 is a schematic view illustrating an apparatus which can be preferably used for 
the production of the second absorbent sheet of the present invention, which corresponds to Rg. 2. While not particularly 
mentioned, the explanation given to Fig. 2 applies to the corresponding members of Fig. 5. The same reference numerals 
as used in Fig. 2 are used tor the same members of Rg. 5. 

The process for producing the second absorbent sheet comprises the steps of: 

spreading a superabsorbent polymer over a permeable layer in a wet fiber web. which comprises the permeable 
layer predominantly comprising bulky cellulose fbers having a degree of fiber roughness of 0.3 rng/rrt or more and a 
Diffusing layer being located adjacent to the permeable layer and comprising bulky cellulose fibers having a degree of 
fiber roughness of 0.3 mg/m or more and hydrophi&c fine fbers; 

overlaying on the fiber web a fiber aggregate which predominantly comprises bulky cefiulose fbers having a 
degree of fber roughness of 0.3 mg/m or more; and 

drying a combination of the fber web and the fber aggregate and forming a unitary body thereof. 
Going into details, the combined formation of the permeable layer and the diffusing layer can be carried out as 
follows. As shown in Fig. 5. the diffusing layer 19 is formed in the first forming part 130 to which a first aqueous slurry 
of bulky cellulose fibers having a degree of fber roughness of 0.3 mg/m or more and hydrophilic fine fibers, etc. is 
supplied. A permeable layer 1 7 is then formed on the diffusing layer 1 9 in the second forming part 1 32 to which a second 
aqueous slurry of bulky cellulose fibers having a degree of ft>er roughness of 0.3 mg/m or more. etc. is supplied, whereby 
the fiber web 18 comprising the diffusing layer 19 and the permeable layer 17 is formed on the wire 134. The concen- 
trations of the fibrous material in the first and second slurries are selected from the ranges generally used in wet paper 
making. The proportions of the fibrous materials in each slurry are decided so that the resulting diffusing layer and 
permeable layer may have the above -described compositions. 

The steps following the formation of the fiber web 18 are the same as those in the preferred process for producing 
the first absorbent sheet The corresponding explanation made for the preferred process for producing the first absorbent 
sheet applies thereto. 

There is thus obtained the second absorbent sheet according to the present invention. 

A process which can preferably be used for the production of the third absorbent sheet comprises the steps of: 
spreading a superabsorbent polymer over a wet fiber web which predominantly comprises bulky cellulose fibers 
having a degree of fber roughness of 0.3 mg/m or more; 

overlaying on the fber web a fber aggregate, which comprises a permeable layer predominantly comprising bulky 
cellulose fibers having a degree of fiber roughness of 03 mg/m or more and a diffusing layer being located adjacent to 
the permeable layer and comprising bulky cellulose fibers having a degree of fber roughness of 0.3 mg/m or more and 
hydrophilic fine f bers. in such a manner that the fber web is in contact with the diffusing layer; and 

drying a combination of the fber web and the fiber aggregate and forming a unitary body thereof. 

The preferred process for producing the third absorbent sheet is substantially the same as the preferred process 
for producing the first absorbent sheet and the third absorbent sheet can be produced by using the apparatus shown 
in Rg. 2. which is preferably used for the production of the first absorbent sheet The difference consists in that fiber 
aggregate comprising permeable layer prectaminantty cornpnsing bulky cellulose fibers and the diffusing layer 19 being 
located adjacent to the permeable layer and comprising buflcy cellulose fibers and hydrophilic fine f bers is overlaid on 
the surface of the fber web 18. on which the superabsorbent polymer 16 has been spread, in such a manner that the 
fber web 18 is brought into contact with the drffusing layer 19. In this case, the fber aggregate 15 previously prepared 
by combined paper making may be unwound, or it may be prepared concurrently with the preparation of thef ber web 18. 

The fourth and fifth absorbent sheets according to the present invention win be described in detail by referring to 
the drawings. Rg. 6 is a schematic cross section of the fourth absorbent sheet and Rg. 7 is a schematic cross section 
of the fifth absorbent sheet Figs. 6 and 7 corresponding to Rg. 1 B. 

While not giving particulars, the same explanation as given to Rg. 1 A and Rg. 1 B applies to the corresponding 
points of Rgs. 6 and 7. The same reference numerals as used in Fig. 1 A Rg. 1B and are also used for the same members 
in Figs. 6 and 7. 

Rrst the fourth absorbent sheet wilt be described. 

As shown in Rg. 6, the fourth absorbent sheet 40 contains at least a superabsorbent polymer, bulky cellulose f bers, 
and hydrophilic fine fbers or hydrophilic fine particles (hereinafter sometimes inclusively referred to as hydrophilic fine 
fbers or particles). The fourth absorbent sheet 40 comprises the fber aggregate 15 and the fber web 18. The fber 
aggregate 1 5 has the absorbent surface 1 2 and does not contain the superabsorbent polymer at the side of the absorbent 
surface 12. The fber aggregate 1 5 predominantly comprises bulky cellulose fibers 1 3 having a degree of fber roughness 
of 0.3 mg/m or more. 

As shown in Fig. 6, the fber web 18 contains bulky cellulose fbers having an average fber length of 1 to 20 mm 
and a degree of fber roughness of 0.3 mg/m or more, and hydrophilic fine fbers having an average fiber length of 0.02 
to 0.5 mm. The proportion of the hydrophilic fine fbers in one side of the fber web 18 is higher than that in the other 
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side, and the fiber web 18 is in contact with the fiber aggregate 1 S at the side having a lower proportion of the hydrophilic 
fine fibers. 

As shown in Fig. 6. the fber aggregate 15 and the fber web 18 are in a unitary body. The superabsorbent polymer 
1 6 is contained rn the fourth absorbent sheet 40, while sticking to the fibers constituting fourth absorbent sheet 

5 The fourth absorbent sheet 40 is characterized by its uttrathin unitary structure which comprises the fber aggregate 

15 and the fber web 18 and contains the superabsorbent polymer 16 in the inside thereof. Such an uttrathin unitary 
structure is the same as in the first absorbent sheet and the explanation given to the unitary structure of the first absorbent 
sheet also applies to the fourth absorbent sheet. ■***- * 

Entering into the details, the fber web 18 comprises bulky ceiutose fibers having an average f ftertength of 1 to 20 

io mm and a degree of fiber roughness of 0.3 mg/m or more, and hydrophilic fine fibers having an average fber length of 
0.02 to 0.5 mm. The proportion of the hydrophilic fine fibers or particles is higher in one side of the ffcer web than in the 
other side. The side having a lower proportion of the hydrophiic fine fibers exhibits excellent performance in terms of 
rate of liquid absorption and local liquid absorptivity and also excellent liquid permeability. On the other hand, the side 
having a higher proportion of the hydrophilic fine fbers has excefient liquid diffusing properties because the hydrophilic 

t5 fine fibers have a large surface area, so that it quicWy diffuses the liquid having passed through the side having a lower 
proportion of the hydrophilic fine fibers or particles. Thus, the fiber web 18 combines a liquid permeation function and 
a liquid diffusing function in spite of its single structure. As described above, the fiber web 1 8 is in contact with the fber 
aggregate 15 at the side having a lower proportion of the hydrophilic fine fbers. 

For the sake of convenience, the side having a lower proportion of the hydrophilic fine fibers will hereinafter referred 

so to as first side, while the other side having a higher proportion of the hydrophilic fine fibers as second side. 

As shown in Fig. 6. since the area including the first side and its vicinities consists mainly of bulky cellulose fibers, 
it has a function of quickly absorbing liquid and quickly transferring the liquid to the second side. That is. this area serves . 
primarily as>a ^permeable layer?. On the other hand, since the area including the second side and its vidnitiespredom-^r :--y.r-~ 
inantly comprises the hydrophilic fine fbers. it has a function of quickly diffusing the liquid having permeatedfthrougrr ~ 

25 the first side. That is, this area serves primarily as a "diffusing layer*. Thus, the fber web 1 8 in the fourth absorbent 
sheet is characterised by combining a permeable layer and a diffusing layer in its single structure. As a result the fourth 
absorbent sheet has high liquid absorbing properties and yet affords a dry feel after liquid absorption. 

As mentioned above, there is a great difference in liquid diffusing properties between the first and second sides of 
the fber web 18. That is. liquid is rapioly cfiffused in the second side (i.e.. drffusing layer) which predorninantly comprises 

30 hydrophilic fine fibers, whereas liquid is absorbed and permeated rapidly but is not so quick as to be diffused in the first 
side (permeable layer) which predorninantly comprises the bufcy cellulose fbers. In other words, the fiber web 18 has 
a liquid diffusion gradient in its thickness direction. 

The increase of the proportion of the hydrophflic fine fbers from the first side to the second side in the fber web 18 
may be either continuous or discontinuous (in steps) at a certain depth. 

35 On the other hand, the bulky cellulose fibers may be unrforrnty distributed in the thickness direction of the fiber web 
18, but is preferably present in the first side in a higher proportion than in the second side of the fourth absorbent sheet 
That is. the proportion of the bulky cellulose fibers preferably has a gradient in the thickness direction of the fber web 
16. The increase of the proportion of the bulky cellulose fibers from the second side to the first side may be either 
continuous or in steps at a certain depth. 

40 In greater detail, in a preferred mode of gradation, about 5 to 70% by weight still preferably about 10 to 50% by 
weight of the totaJ hydrophilic fine fibers or particles are present in the area from the surlace of the second side to about 
1 /3 the thickness of the fber web 1 8 to form the above-mentioned defusing layer predominantly comprising the hydrophilic 
fine fibers. 

H is preferable, on the other hand, that about 60 to 100% by weight still preferably about 70 to 97% by weight of 
45 the total bulky cellulose fbers be present in the area from the first side to about 2/3 the thickness of the fber web 18 to 
form the abcwe-rrtentioned permeable layer predorninantly comprising the bulky cellulose fbers. 

The proportions of the bulky cellulose fibers and the hydrophilic fine fbers or particles in the fber web 18 are not 
particularly limited, H is preferred that the bulky cellulose fibers are preferably present in an amount of 50 to 97 parts by 
weight still preferably 70 to 95 parts by weight, per 100 parts by weight of the fber web. If the proportion of the bulky 
so cellulose fbers is less than 50 parts by weight the resulting web has insufficient bulkiness in its network structure and 
tends to fail to combine a permeation function and a drffusing function. If the proportion exceeds 97 parts by weight the 
proportion of the hydrophilic fine fbers is low for obtaining sufficient diffusing properties. Accordingly, the proportion of 
the bulky cellulose fbers preferably falls within the above range. 

The hydrophilic fine fibers are preferably present in an amount of 3 to 50 parts by weight still preferably 5 to 30 
55 parts by weight, per 100 parts by weight of the fber web. If the proportion of the hydrophilic fine fbers is less than 3 
parts by weight, the fiber web has insufficient diffusing properties. If it exceeds 50 parts by weight, the proportion of the 
fine fibers in the first side of the fber web becomes large only to have insufficient liquid permeability. Accordingly, the 
proportion of the hydrophilic fine fbers preferably falls within the above range. 
Next, the bulky cellulose fibers will be described. 
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Any kind of cellulose fbers selected from the bulky cellulose fbers described with reference to the first absorbent 
sheet can be used as far as the fbers have an average fber length of 1 to 20 mm and a degree of fber roughness of 
0.3 mg/m or more, and the fibers are bulky. If the average fber length is less than 1 mm. a bulky network structure cannot 
be formed. Besides, the hydrophilic fine fbers cannot pass through the bulky network structure as hereinafter described. 
If the average fiber length is longer than 20 mm, the fibers have poor dispersibilrty in water, failing to provide a uniform 
network structure. The bulky cellulose fbers preferably have an average f ber length of 2 to 10 mm, still preferably 2 to 
5 mm. 

Next the above-mentioned hydrophilic line fbers wil be descrbed. 

The hydrophilic fine fbers have a hydrophitic surface and an average ffoer length of 0.02 to 0.5 mm. preferably 0.1 
to 0.3 mm. If the average fber length is less than 0.02 mm. such fine fibers would pass through a paper making wire 
and cannot be accumulated on the wire when the fber web is prepared by the preferred process hereinafter descrbed. 
If the average fber length exceeds 0.5 mm, such fbers cannot pass through the network structure made up of the bulky 
cellulose fbers and cannot be accumulated on the wire when the fber web is prepared by the preferred process for 
producing the fber web hereinafter descrbed. 

As far as the above requirements are met. the hydrophilic fine fbers are not particularly limited. For example, m 
addition to the hydrophilic fine fbers as used in the second and the third absorbent sheets, inorganic fbers such as 
kaolin, bentonrte and hydrotakate. These hydrophilic fine fbers may be used either individually or as a mixture of two or 
more thereof. 

Commercially available hydrophilic fine fibers can be made use of. Among useful commercial products. is "Pulp 
Flock", a product of Sanyo-Kokusaku Pulp Co.. Ltd., which is prepared by beating wood putp. such as softwood pulp or 
hardwood pulp, mechanically grinding the beaten pulp, followed by classifying using a sieve having 0.5 mm or smaller 
openings. Also included are fine cellulose fbers obtained by mechanically grinding cellulose fbers. such as wood pulp, 
hydrolyzing with an acid, and further mechanically:-grino5ng (e.g.. r KC Rock" produced by Sanyo-Kokusaku Pulp Co., 
Ltd. and "Avicel" produced by Asahi Chemical fndustry Co., Ltd.). Commercially avaSabte inorganic fine fibers include 
water-containing magnesium silicate fbers (e.g., "Eight Plus ML-30" produced by Mizusawa Kagaku Kogyo K.K.). Of 
these commercial products, fine cePulose fibers obtained by finely grinding putp are preferred for their inexpensiveness. 

The super absorbent polymer 16 which is contained in the fourth absorbent polymer 40 is now explained. 

As shown in Fig. 6, the superabsorbent polymer 1 6 is contained in the fourth absorbent sheet 40 and dispersed in 
the spaces formed among the fbers constituting the fourth absorbent sheet 40 similarly to the Superabsorbent polymer 
16 in thefirst absorbent sheet 10. In more detail, as shown in Fig. 3. the superabsorbent polymer 16 is mostly present 
in the inside of the fber web 18. i.e., contained primarily in the area from the interface between the fber web 18 and the 
fber aggregate 15 to the inside of the fber web 18, and is preferably dispersed in the spaces formed among the fbers 
constituting the fber web 18 as shown in Fig. 6. 

The superabsorbent polymer 16 sticks to the fbers constituting the fourth absorbent sheet 40. preferably to the 
fbers constituting the fiber web 18. 

As for other particulars concerning the superabsorbent polymer 16, for example, the dispersed state, the kind, the 
amount to be spread, and various physical properties, the corresponding explanation made for the superabsorbent 
polymer 16 used in the first absorbent sheet 10 applies appropriately. 

In the fourth absorbent sheet 40 having the above-mentioned structure, there is a diffusion gradient in its single 
structure. In detail, the absorbent surface 12 of the fourth absorbent sheet 40 has high liquid permeability so that tittle 
liquid remains on the absorbent surface 12. Passing through the first side, the absorbed liquid rapidly reaches the super- 
absorbent polymer 16 and is diffused throughout the entire area of the fourth absorbent sheet 40, preferentially in the 
second side of the fber web 18 having high diffusing properties. Thus, since the fourth absorbent sheet 40 combines a 
permeation function, a diffusion function, and a fixing function in its single structure, it can fix liquid in the superabsorbent 
polymer 16 quicWy and securely. 

Further, when fourth absorbent sheet absorbs a large quantity of liquid, the liquid is quickly transferred to the super- 
absorbent polymer 16 and absorbed therein. Even if the liquid is too much to be completely retained by the superab- 
sorbent polymer 16. the liquid is diffused in the second side of the fber web 18 and thus prevented from leaking. 
Accordingly, the fourth absorbent sheet 40 is especially effective where a large quantity of liquid should be absorbed at 
a time or where a superabsorbent polymer having a low rate of liquid absorption is used. 

The fifth absorbent sheet according to the present invention is now described below. 

As shown in Fig. 7. the fifth absorbent sheet 50 contains at least a superabsorbent polymer, bulky cellulose fbers. 
and hydrophilic fine fibers. The fifth absorbent sheet 50 comprises the fber aggregate 1 5 and the fiber web 1 8. The fiber 
aggregate 1 5 has the absorbent surface 1 2 and does not contain the superabsorbent polymer at the side of the absorbent 
surface 12. The fber aggregate 15 comprises the bulky cellulose fbers 1 3 having an average fber length of 1 to 20 mm 
and a degree of fber roughness of 0.3 mg/m or more, and the hydrophilic fine fbers 14 having an average fber length 
of 0.02 to 0.5 mm. The proportion of the hydrophilic fine fbers in fber aggregate 15 is higher on one side thereof than 
on the other side. 
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As shown in Fig. 7, the fiber web 18 predominantly comprises the bulky cellulose fibers 13 having a degree of ftoer 
roughness of 0.3 mg/m or more, and is located adjacent to the side of the fiber aggregate having a higher proportion of 
the hydrophilic fine f toers. 

For the sake of convenience, the side having a lower proportion or the hydrophilic fine fibers will hereinafter referred 
5 to as a first side. whBe the other side having a higher proportion of the hydrophflic fine f toers as a second side 

As shown in Fig. 7, fiber aggregate and the f toer web 1 8 are in a unitary body. Further, the superabsorberrt polymer 
16 is contained in the fifth absorbent sheet 50 and sticks to the f toers constituting the fifth absorbent sheet 50. 
• , <^ Similarly to the first absorbent sheet the fifth absorbent sheet 50 is characterized by its urtrathin unitary structure 

which comprises the fiber aggregate 1 5 and the f toer web 18 and contains the superabsorberrt polymer 16 in the inside 
ro thereof. Such an urtrathin unitary structure is the same as in the fast absorbent sheet and the explanation given to the 
unitary structure of the first absorbent sheet also applies to the fifth absorbent sheet appropriately. 
The fiber web 1 8 in the fifth absorbent sheet 50 is described below. 

As mentioned above, the ftoer web 18 predominantly comprises bulky cellulose fibers having a degree of fiber 
roughness of 0.3 mgVm or more, and adjoins the side of the fiber aggregate 15 having a higher proportion of the hydrophilic 
is fine fibers • e., the second side of the fiber aggregate 1 5. Use of the bulky cellulose f toers not only brings about further 
improvement on the dispersibtlity and the degree of fixing of the superabsorbent polymer 1 6 but makes it easier to control 
the drainage properties of the ftoer web 18 in wet paper making. Further, bulky cellulose f toers form a bulky ftoer web 
having a high void content so that the superabsorbent polymer 16 can be easily embedded, dispersed and fixed therein 
three-dimensionally in the ftoer web 18. and gel blocking of the superabsorbent polymer 16 can be suppressed. 
20 As for other undescrbed particulars of the ftoer web 18, the corresponding explanation given to the first absorbent 
sheet 10 applies appropriately. 

The superabsorbent polymer 16 which is contained in the inside of the fifth absorbent sheet 50 is explained, 
w v As shown in Fig. 7, the superabsorbent polymer 16 is contained in the inside of the fifth absorbeofrstieef 60 ;and 
dispersed in the spaces formed among the f toers constituting the fifth absorbent sheet 50. simUarlytothe^uperabsorbent 
2S polymer 16 of the first absorbent sheet 10. In more detail, as shown in Fig. 7, it is preferable that the superabsorbent 
polymer 16 be mostly contained in the ftoer web 18. i.e., contained primarily in the area from the interface between the 
ftoer web 18 and the fiber aggregate 15 to the inside of the ftoer web 18, and dispersed in the spaces formed among 
the f toers constituting the ftoer web 1 8. 

The superabsorbent polymer 1 6 sticks to the f toers constituting the fifth absorbent sheet 50. preferably to the f toers 
30 constituting the ftoer web 1 8. 

As for other particulars concerning superabsorbent polymer 15. for example, the dispersed state, the kind, the 
amount to be spread, and various physical properties, the corresponding explanation made for the superabsorbent 
polymer used in the first absorbent sheet applies appropriately. 

The fiber aggregate 15 having the absorbent surface 12 in the fifth absorbent sheet 50 is descrtoed below. 
35 The ftoer aggregate 15 contains bulky cellulose f toers having an average fiber length of 1 to 20 mm and a degree 
of fiber roughness of 0.3 mgAn or more* and hydrophiBc fine f toers having an average fiber length of 0.02 to 0.5 mm, the 
proportion of the hydrophilic fine f toers being higher in one side of the ftoer aggregate than in the other side. The side 
having a lower proportion of the hydrophflic fine f toers or particles (called a first side) corresponds to the absorbent 
surface 12. : * 

40 The side having a higher proportion of the hydrophobic fine f toers (called a second side) adjoins the ftoer web 18 
as shown in Fig. 7. 

Thus, the ftoer aggregate 15 has a gradient of proportion of the hydrophilic fine f toers in the thickness direction. The 
structure of the ftoer aggregate 1 5 having such gradation is the same as that of ftoer web of the fourth absorbent sheet 
40. Accordingly, the explanation made for the fiber web 18 of the fourth absorbent sheet 40 applies to the details, for 

ds example the structure, of the ftoer aggregate 1 5 of the fifth absorbent sheet 50. With respect to the bulky cellulose fibers 
and the hydrophiBc fine f toers which constitute the ftoer aggregate 1 5. the corresponding explanation as to the ftoer web 
1 8 of the fourth absorbent sheet 40 applies appropriately. 

As descrtoed above, the fifth absorbent sheet SO of the present invention predominantly comprises the ftoer aggre- 
gate 1 5, the fiber web 1 8, and the superabsorbent polymer 1 6. Preferred basis weights of these materials are the same 

so as those in the first absorbent sheet and the corresponding explanation made to the first absorbent sheet 10 applies 
appropriately. 

The details of the basis weight thickiess. etc of fifth absorbent sheet ar< ?--so the same as those of the first absorb- 
ent sheet 10, and the corresponding explanation made for the first absorb* sneet 10 applies appropriately. 

There is a diffusion gradient in the fifth absorbent sheet 50 having the aoove* mentioned structure. In detail, similarly 
55 to the fourth absorbent sheet 40, the fifth absorbent sheet 50 exh torts gradation in liquid absorption from the absorbent 
surface 1 2 toward the inside (especially in the ftoer aggregate 15). That is, the vicinities of the absorbent surface 1 2 (first 
side) of the fifth absorbent sheet 50 form a bulky network made up predominantly of bulky cellulose fibers. Therefore 
this area has high liquid permeability, and liquid is quickly transferred to the inside of aggregate 15. The vicinities of the 
second side of the fiber aggregate 15 predominantly comprises the hydrophilic fine fibers having a high surface area. 
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Therefore, the liquid having passed through the first side area is quickly diffused throughout the entire area of the fifth 
absorbent sheet 50 and fixed efficiently by the superabsorbent polymer 16. Thus, similarly to the fourth absorbent sheet 
the fifth absorbent sheet 50 combines a permeation function, a diffusion function, and a fixing function in its single 
structure, and it can fix liquid in the superabsorbent polymer 16 quicWy and securely. 

A process which can be preferably used for the production of the fourth and fifth absorbent sheets wiB be described 
below by referring to the drawings. Fig. 8 is a schematic view illustrating an apparatus which can be preferably used for 
the production of the fourth absorbent sheet of the present invention which corresponds to Fig. 2. While not particularly 
mentioned, the same explanation given to Rg. 2 apples appropriately to the corresponding members of fig. 8. The 
same reference numerals as used in^Fig. 2 are used for the same members of Rg. 8. 

The preferred process for producing the fourth absorbent sheet cornprises the steps of: 

spreading a superabsorbent polymer on a wet ftoer web comprising bulky cellulose f bers having an average ftoer 
length of 1 to 20 mm and a degree of ftoer roughness of 0.3 mg/m or more, and hydrophilic fine fibers having an average 
fiber length of 0.02 to 0.5 mm. the proportion of the hydrophilic fine fibers being higher in one of the sides of the ftoer 
web than in the other side, the spreading of the superabsorbent polymer being in the side having a lower proportion of 
the hydrophilic fine fibers; 

overlaying on the ftoer a f ber aggregate which predominantly comprises bulky cellulose ftoers having a degree 
of fiber roughness of 0.3 mg/m or more ; and 

drying the combination of the ftoer web and the ftoer aggregate and forming a unitary body thereof. 

Going into details, the fiber web can be prepared by a wet paper mating process as follows. To begin with, both the 
bulky cellulose fibers and the hydrophobic fine ftoers are dispersed in water to prepare a slurry. The slurry is supplied 
to the forming part 140 and applied to paper making cylinder 136. When the slurry is supplied to the paper making 
cylinder 136. the water of the applied slurry is drained through the cylinder 136 thereby to form a wet ftoer web 18 on 
the cylinder 136. As shown in Fig. 8. thebulkyxeBulose ftoers form a bulky network structure over the entire thickness 
of the fiber web 1 8. On the other hand.Mhehydcophilic fine ftoers in the slurry, which are finer than the bulky cellulose 
fibers, pass through the network structure together with water and accumulated on the cyfinder 136. As a result the 
hydrophilic fine fibers are distrtouted with a gradient in thickness direction of the fiber web 18. That is, the proportion of 
the fine f bers is higher in the side in contact with the cylinder 1 36 than in the other side. 

Thus, according to the preferred process tor producing the f ber web 18, which utilizes a wet paper making process, 
the difference in size between the bulky cellulose f bers and the hydrophilic fine ftoers is taken advantage of tor providing 
a gradient in proportion of the hydrophilic fine ftoers in the thickness direction of the ftoer web 18. 

The wet ftoer web 1 8 thus formed is taken up on the wire 1 34 with its sides turned over as shown in Rg. 8. The ftoer 
web 18 is then taken up on the conveyor 145 with its sides turned over again, and the superabsorbent polymer 16 is 
spread on the ftoer web 18 while wet The surface on which the superabsorbent polymer 16 is spread is on the side 
having a lower proportion of the hydrophilic fine ftoers. Le., the first side 

While not particularly mentioned, the steps following the formation of the ftoer web 18 are the same as those in the 
preferred process for producing the first absorbent sheet The corresponding explanation made for the preferred process 
for producing the first absorbent sheet appropriately applies. 

There is thus obtained the fourth absorbent sheet according to the present invention. 

A process which can preferably be used tor the production of the fifth absorbent sheet cornprises the steps of: 
spreacSng a superabsorbent polymer on a wet ftoer web which predominantly comprises bulky cellulose ftoers 
having a degree of f ber roughness of 0.3 mg/m or more; 

overlaying thereon a ftoer aggregate which conprises bufcy cellulose ftoers having an average fiber length of 1 
to 20 mm and a degree of ftoer roughness of 0.3 mg/m or more, and hydrophilic fine ftoers having an average ftoer length 
of 0.02 to 0.5 mm, the proportion of the hydrophilic fine fibers being higher on one of the sides of the ftoer aggregate 
than on the other side, in such a manner that the side of the ftoer aggregate having a higher proportion of the hyoVophific 
fine fibers is brought into contact with the ftoer web; and 

drying a combination of the ftoer web and the ftoer aggregate and forming a unitary body thereof. 
Trie preferred process for producing the fifth absorbent sheet is substantially the same as the preferred process for 
producing the first absorbent sheet and the fifth absorbent sheet can be produced by using the apparatus shown in Rg. 
2. which is preferably used tor the production of the first absorbent sheet The difference consists in that the ftoer aggre- 
gate 1 5 comprising the bulky cetulose ftoers arid hyoVophffic fine fibers, the proportion of the hydrophilic fine ftoers being 
higher in one side of the ftoer aggregate than in the other side, is overlaid on the surface of the ftoer web 1 8 on which 
the superabsorbent polymer 16 has been spread, in such a manner that the side of the ftoer aggregate 15 having a 
higher proportion of the hydrophilic fine ftoers (i.e.. the second side) is brought into contact with the ftoer web 18. 

In this case, the ftoer aggregate 1 5 may previously be prepared by a wet paper making process taking advantage 
of the difference in size between the buBcy cellulose ftoers and the hydrophilic fine ftoers (the same as the preferred 
process for preparing the ftoer web 18 of the fourth absorbent sheet 40). and a roll of the previously prepared fiber 
aggregate may be unwound for overlaying. Alternatively, the fiber aggregate 15 may be prepared concurrently with the 
preparation of the fiber web 18. For the details of the preparation of the ftoer aggregate 1 5 by a wet paper making process 
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t'^^S^T 01 ^t™"*™ m "«ween the bulky cefkdose fbers and the hydrophilic line fbers or particles 
^ S^a^y" to *" *" »" ^ ^ ** 1 8 of the fourth absorbent sheet 4otnt 

5 Rn r 1 !^ 3 ^ 6 "' ^ aCcordin 9 10 ,he resent invention will be described in detail by referring to the drawing 
g ' lL ^^"C section of the sixth absorbent sheet which corresponds to Fig. IB 9 
nnJ^r^l ^ part ~ lare - ^ 83018 sanation as given to Rg. 1A and Rg. 1B applies to the corresponding 

«. TVt!^^ 8 f ^ ° f 1 absorbent sheet GO^mpnses the ffooraggTeSi 

I! the ,* efWeb18n,e ,ber ^gregate 15 has the absorbent surface 12. and does notopnSTthe s^Se^ 
po*mer at the «de of the absorbent surface 12. The fiber aggregate 15 predorninantiy corrprises *e 

The fiber web 1 8 predominantly comprises the bulky cellulose fbers 1 3 as shown in Rq 9 

Also, as shown n Rg. 9. the fiber aggregate 15 and the fber web 18 form a unitary body as shown in Ro 9 Th«. 

As shown in Rg. 9. the above-mentioned hydrophilic fine fbers or particles 14 are contained mainly in the area 

TZ^l^^ 0 ^^^! 16 " PfeSent - ~ a layer made up of hydrophBic fine fbtrsTSs 14 
formed around the superabsorbent polymer 16. 

X aoorl!^ ^ H^t a ^ be H SheSt 60 * characte " zed bv te "*«"in unitary structure which consists of the fiber 
finTfb^Lr^ 

fine fbers or particles 14 are contained mainly in the area where the superabsorbent polymer 16 is oresent ^nrh-« 

-r»t*.r of the first absorbent sheet also applies to the sixth absorbent sheet - .*.«.,"■„-.-- • wuciure 

Next the superabsorbent polymer 1 6 contained in the sixth absorbent sheet 6 is described below 
the ^c^ZZ^'^^l s ^ absort > ert .P 0, y m ^ 16 is contained in the sixth absorbent sheet 60 and dispersed in 
T^^^T^l ^ ' berS ^"^'^ ,he absorbent sheet 60. In more detail, the superabsorbentpdymer 
16 ^preferably contamed manly in the fber web 18 hereinafter described and dispersed in thespaces forrn«^mo^ 
the fbers constituting the fber web 1 8 as shown in Rg. 9 spaces rormea amon9 

30 77,6 su Pe«bsorbent polymer 1 6 sticks to the fbers constituting the sixth absorbent sheet 60 preferably to the fih»~ 
t^so^ed^^^ 

• ^ S j! nd - am ° Unt to be spread - and Physical properties, the (^responding expTnXn 

made for the superabsorbent polymer used in the first absorbent sheet appOes wpriatefy. ^ 
35 pres ^' ^hy*^"*^ ^ fbers or partides 14 contained rrwunry in the area where the superabsorbent polymer is 

rv^^irTlT^r 3 ^ 9 '^* 0 ^^ <ine,befB <* Paroles 14 are contained mainly in the area where the superabsorbent 
pc^er jeispresem. form.ng a layer different from me fber web 18. The hydrcphflic fine fbers or partiTeT^avS 

I^IZ^Z 2? T"^ '"^ diffUSin9 Per1 ° nrance «Di«ary action, thereby ^dnVimpS 

« S o^a^l il^r E 1 ^ am0n9 ^ <^<* absort >«« P°-^ 1 6. ,n addition!™ hy^cxSne 
L^T £^f,- f P' 656 " 1 amon a *• superabsorbent polymer, gel blocking of the superabsorbenTpolymer 16 
having absorbed hq ud and been swollen with the liquid can be prevented effective* superaDsortJent 16 

n/mZ^r^I^ 0 !l ne *"* "j*"** 98 are Preferably used in an amount of 1 to 300 g/rrr* more preferably 5 to 200 

^^r^ y5to15 ? 0AT * " «"« a™unt of the hydrophibc fine fbers or particles is less than 1 

tendency that Hqud cannot be effectively diffused in the vicinities of the superabsorbent poryrnerToel bteddrTrt^ 

Z^TZ " ^Zl^f ^ SUperabSO,W P 0 *™ 15 to ° «endino to reduce the properties of transferring 
XI supera^entpolymer or tending to make the absorbent sheet hard. Accordingly ^Tbasis JSht oTS 
fine fbers or particles preferably taUs within the above range. -«y<« me 

Kn . ^ eh ^ r ^^trefbersorpartidespreterablyr«veadegreeoffb^ ororeferabiv 

* l6SS * an 0 3 ^ and a d »*°° cfTer roundness SiTa«22 
aoitoO.S.Hydroph.hcf.nefbars or particles having such physical properties are prelerred for their ^ 

It is also desirable tor the hydrophilic fine fbers or particles to have an average fber length or an average particle 

<iK J^ h 2T* C ""IL^^ PartCleS are P ref erably subjected to crosslinWng treatment. Since crosslinked fne 
f toers or particles are mhbrted from absorbing liquid and swelling, they do not change the distance among tt^mVelvet 
even when wetted arxftherefaredo not reduce meprcperties of ^erring^^ 
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fine fibers or particles, when spread in a large quantity, do not have too a high density. Examples of such fine ffoers or 

fine particles include, for example, crosslinked cellulose ffoers. cellulose particles and hydrophilic synthetic ffoers. 
Specific examples of the above-descrfoed hydrophilic fine fibers include those used in the fourth and fifth absorbent 

sheets. Examples of the hydrophilic fine particles include those made of cellulose particles, such as putp, cotton, and 
5 rayon: and inorganic particles, such as kaofin. bentonite. and hyorotalcrte. These hydrophilic f ine ffoers or particles may 

be used either individually or as a mixture of two or more thereof. A mixture of the hydrophilic fine fibers and the hydrophilic 

fine particles may also be used. 

In the sixth absorbent sheet 60 having the above-mentioned structure, there is a diffusion gradient in its singlets 

structure . In detail.- since'the side of the absorbent surface 12 of the sixth absorbent sheet 60 consists mainly 6f the-*** 
w bulky cellulose ffoers. it has high liquid permeability so that GtrJe fiquid remains on the absorbent surface 12. The absorbed 

liquid rapidly reaches the superabsorbent polymer 1 6 and particularly in the layer made up of highly diffusive hydrophiDc 

fine fibers or particles fie., in the area where the superabsorbent polymer is present), the performance of diffusing liquid 

is increased by the capillary actions of the hydrophilic fine ffoers or the hydrophilic particles, thereby increasing the 

performance of diffusing the liquid near the interfaces between the superabsorbent polymers. The sixth absorbent sheet 
i5 60 combines a permeation function, a diffusion function, and a fixing function in its single structure, it can fix liquid in 

the superabsorbent polymer 16 quickly and securely Besides, since there are the hydrophilic fine fibers or particles 

among individual superabsorbent polymer particles, gel blocking of the superabsorbent polymer is effectively prevented. 
A process which can be preferably used for the production of the sixth absorbent sheet will be described below by 

referring to the drawings. Fig. 10 is a schematic view illustrating an apparatus which can be preferably used for the 
20 production of the sixth absorbent sheet of the present invent on. Fig. 1 1 is a schematic view illustrating another apparatus 

which can also be preferably used for the production of the sixth absorbent sheet. Figs. 10 and 1 1 conespond to Fig. 

2. While not particularly mentioned, the same explanation given to Fig. 2 applies to the corresponding members of Figs. 

1 0 and 1 1 . The same ref erenceinumerals:as used in Fig. 2 are used for the same members of Figs. 1 0 and 11. ' in*© ^ir.nwi^ 

The preferred process for producing the sixth absorbent sheet comprises the steps of: *: ; ur&yjcar 

25 spreading superabsorbent polymer on a wet fiber web comprising at least bulky cellulose ffoers, and spreading 

hydrophilic fine ffoers or hydrophilic fine particles upon, or before or after spreading the superabsorbent polymer: 
overlaying a fiber aggregate on the fiber web: and 

drying a combination of the ffoer web and the fiber aggregate and forming a unitary body thereof. 
The preferred process for producing the sixth absorbent sheet is substantially the same as the preferred process 
30 for producing the first absorbent sheet The difference resides in that the hydrophiDc fine ffoers or particles are spread 
simuttan eously with, or before or after spreading the superabsorbent polymer. Thus, the hydruphilic fine ffoers or particles 
are made to exist mainly in the area where the superabsorbent polymer exists thereby to form a layer of the hydrophific 
fine f bers or particles. As a result, the liquid d'rffusfoility in the vicinities of the interfaces of the superabsorbent polymer . . 
is improved and, at the same time, the effects of the superabsorbent polymer to fix the liquid are improved, and gel 
35 blocking of the superabsorbent polymer can be prevented effectively. 

The hyoVophtlic fine ffoers or particles may be spread uniformly over the entire surface of the f toer web similarly to 
the superabsorbent polymer. If desired, they may be spread in stripes extending in the longitudinal direction of the fiber 
web at certain intervals, or may be spread intermittently in the longitudinal direction of the fiber web. They are preferably 
spread in the same manner as the superabsorbent polymer. 
40 The spreading of the superabsorbent polymer and the hydrophilic fine f toers or particles is descrfoed in detail with 
reference to Figs. 10 and 11. 

Where spreading of hydrophilic fine ffoers or particles 14 is followed by spreading of the superabsorbent polymer 
16. hydrophaic fine ffoers or particles 14 are first spread on the fiber web 18 formed by wet paper making as shown in 
Fig. 10. Immediately thereafter, the superabsorbent polymer 16 is spread thereon. The ffoer aggregate 15 previously 
45 formed is then overlaid on the ffoer web 18 on which hydrophilic fine fibers or particles 14 and the superabsorbent 
polymer 16 have been spread thereon. 

Where the superabsorbent polymer 16 and hydrophilic fine ffoers or particles 14 are simultaneously spread, the 
superabsorbent polymer 16 and hydrophilic fine fibers or particles 14 are previously mixed uniformly at a prescrfoed 
mixing ratio, and the mixture is spread on the ffoer web 1 8 formed by wet paper making as shown in Fig. 1 1 . The ffoer 
so aggregate 1 5 is then overlaid on the ffoer web 1 8 having the mixture spread thereon. 

In Fig. 10. the order of spreacfing hydrophilic fine ffoers or particles 14 and the superabsorbent polymer 16 may be 
reversed. 

In the absorbent sheet according to the present invention, the ffoer density of the absorbent sheet is higher in the 
vicinity of the superabsorbent polymer than in the absorbent surface for absorbing liquid, and therefore the performance 
ss of diffusing liquid is enhanced in the vicinity of the superabsorbent polymer. Accordingly, unlike the conventional absorb- 
ent sheets, the absorbent sheet according to the present invention needs neither to be subjected to spreading of other 
fibers nor to be combined with other composite papers for the purpose of complementing performance of diffusing liquid. 

The reason why the gradient of the fiber density is formed is considered to be as follows. 



EP 0 719 531 A1 



That is. when the superabsorbent polymer is spread on the wet fiber web, the superabsorbent polymer absorbs 
water to become sticky and sticks to the fibers. In this occasion, the ftoers constituting the fiber web still have freedom, 
and therefore the ftoers draw near to the superabsorbent polymers having absorbed water and partially aggregate After 
the following drying step, the distance between the fibers and the superabsorbent polymers further decreases, so that 
the combination of the fiber web and the superabsorbent polymer is formed into a sheet in the state that the fibers 
aggregate around the superabsorbent polymer. 

Absorbent articles using the first to sixth absorbent sheets according to the present invention will then be illustrated. 

The absorbent article according to the present invention comprises at least a liquid retentive absorbent member! 
and a liquid impermeable backsheet which is characterized in that the absorbent member comprises any one of the 
first to sixth absorbent sheets. 

Preferred embodiments of the absorbent article of the present invention are explained by referring to the drawings, 
taking the embodiments of using the first absorbent sheet for an instance. 

First of aH. preferred embodiments of the absorbent article of the present invention are explained by referrinc to 
Figs. 12 through 17. 

Fig. 12 is a schematic transverse section of a sanitary napkin as a first referred embodiment of the absoroent 
article according to the present invention. Figs. 13 to 17 are each a schematic transverse section of a sanitary napkin 
according to other preferred embodiments of the absorbent article according to the present invention which correspond 
to Fig. 2. 

The sanitary napkin 100 shown in Fig. 12. as a first preferred embodiment of the absorbent article of the present 
invention, comprises a liquid permeable topsheet 1 , a liquid impermeable backsheet 3. and a liquid retentive absorbent 
member 2 interposed between the topsheet 1 and the backsheet 3. 

In detaa, the sanitary napkin 100 has a substantially rectangular shape. The napkin 100 is applied to the body with 
the topsheet 1 in contact with the skin, and the backsheet 3 with underwear. - - -i y 

Absorbent member 2 comprises the first absorbent sheet 10. a fluff pulp 2a. and an absorbent paper 2b which 
covers the first absorbent sheet 10 and the fluff pulp 2a The backsheet 3 covers both the sides and the bottom of the 
absorbent member 2. The topsheet 1 covers an the surfaces of the combination of the absorbent member 2 and the 
backsheet 3. 

Topsheet 1 is not particularly limited as far as it allows liquid to permeate into the absorbent member 2. Materials 
having an underwear-like touch are preferred. Such materials include thermoplastic woven cloth, nonwoven doth and 
porous films. Porous films comprising polyolef ins, such as tow-density polyethylene, are particularly preferred. 

The backsheet 3 is not particularly timited as far as it is impermeable to liquid. Materials having moisture permeability 
and an underwear-like touch are preferred. A moisture permeable and fiquid impermeable backsheet can be obtained 
by, for example, mert-extruding a thermoplastic resin containing an organic or inorganic filler into a film through a T die 
or a circular die and uniaxJally or biaxially stretching the extruded film. 

On the side to be brought into contact with underwear are provided with a pair of adhesive bands 4 along the 
longitudinal direction. Adhesive bands 4 are protected by a release paper 5 before use In Fig. 12. reference numeral 6 
indicates joints at which the above-mentioned members are bonded together. Other undescribed particulars are the 
same as in conventional sanitary napkins. 

The characteristics of the absorbent article according to the first embodiment are explained below. 

The sanitary napkin 100 according to the first embodiment has a fiquid retentive absorbent member 2 which includes 
the first absorbent sheet 1 0 containing at least the hydrophilic fine ftoers and the thermally fusfole boncfing fibers or the 
strengthening assistant, and the superabsorbent polymer. 

The use of the first absorbent sheet provides an absorbent article which suffers neither fall -off of the superabsorbent 
polymer nor gel blocking of the superabsorbent polymer. Further, since the absorbent sheet combines functions of liquid 
absorption, permeation, diffusion and retention, there is no need to combine members having these functions separately 
as done in the conventional absorbent articles. Therefore, an extremely thin absorbent article which gives a comfortable 
feeling during the use can be obtained. The thickness of the absorbent article equals to the thickness of the absorbent 
sheet (0.3 to 0.5 mm) to which the thicknesses of the liquid permeable topsheet the liquid impermeable backsheet (for 
example, 0.2 to 1 .0 mm) and other elements, if necessary, are added, and therefore the absorbent article has an unex- 
pected uftrathin thickness. 

By using an absorbent sheet which comprises the super absorber particles, and the fiber structure comprising the 
bulky hydrophilic bulky cellulose ftoers and the thermally fusible bonding ftoers or the strengthening assistant 

the superabsorbent polymer articles being not present on an absorbent surface of the absorbent sheet for absorb- 
ing the liquid but distributed inside and fixed to the f toer structure; and 

the absorbent sheet having a thickness of 0.3 to 1 .5 mm. and the superabsorbent polymer particle being spread 
at an amount of 20 to 70 g per 1 m 2 of the absorbent sheet, the thickness of the absorbent article, in particular, is made 
vei mall. Also, the absorbent article, during usage, does not give uncomfortable feeling even after, as well as before, 
the ^perabsorber* oolymer absorbs liquid and swells. This is because the absorbent sheet itself has a very small 
thickness and its th.ckness increases little even after the sheet absorbs liquid. 
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In the preferred embodiment shown in Rg. 12. liquid having passed through the topsheet 1 is absorbed into the 
inside of napkin 100. Then, liquid passes through the fluff putp 2a and absorbed and retained in the superabsorbent 
polymer dispersed in the first absorbent sheet 10. The first absorbent sheet 10 is preferably set in such a manner that 
the fiber aggregate having an absorbent surface faces the side of the topsheet 1. whereby the Bquid absorbed in fluff 

5 putp 2a can be smoothly led to the inside of the first absorbent sheet 10. 

As has been explained, in the first absorbent sheet 10. the absorbent polymer is securely fixed without impairing 
the absorption property inherent in the superabsorbent polymer. Accordingly, the sanitary napkin 1 00 containing the first 
absorbent sheet 10 has a high liquid retention capacity. Because the sanitary napkin 100 contains the fluff putp 2a in 
addition to-the first absorbent sheet 1 0, the Bquid retention capacity is so much increased. The absorbentarticf e of this 

to embodiment is suitable for a sanitary napkin for overnight use. which is worn for a long time- 
Second to sixth preferred embodiments of the absorbent article of the present invention are shown in Figs. 13 
through 17. While the particulars common to the first embodiment are not described, the corresponding explanation 
given to the first emboCBment applies thereto appropriately. The same reference numerals as used in Rg. 12 are used 
for the same members of Figs. 13 to 17. 

i5 In the second preferred embodiment of the absorbent article according to the present invention shown in Fig. 13. 
the absorbent member of the sanitary napkin 100 consists solely of the first absorbent sheet 10. Both the skies and the 
bottom of the first absorbent sheet 10 are covered with the backsheet 3. All the surfaces of the combination of the first 
absorbent sheet 10 and the backsheet 3 are covered with the topsheet 1. Similarly to the first errtxxfirnent, the first 
absorbent sheet 10 is preferably set with the ffoer aggregate thereof, which has an absorbent surface, facing the side 

20 of the topsheet 1 . 

The sanitary napkin 100 of this type can be designed so as to have an extremely small thickness because it is 
composed of fewer members, each of which is thin. And yet it has a large liquid retention capacity despite its thinness 
because the superabsorbent polymer is securely fixed in the first absorbent sheet 10 without impairing the absorption 
property inherent in the .superabsorbent polymer. Therefore, this embodiment provides a sanitary napkin having fa" high ^ 

25 liquid retention capacity with a comfortable feel. 

According to the third preferred embodiment shown in Fig. 14. the absorbent member of the sanitary napkin 100 
consists solely of first absorbent sheet folded in C-shape. Both the sides and the bottom of the first absorbent sheet 10 
are covered with the backsheet 3, and aJI the surfaces of the combination of the first absorbent sheet 1 0 and the backsheet 
3 are covered with the topsheet 1. In this embodiment, it is preferable to set the first absorbent sheet 10 folded in C- 

30 shape in such a manner that the ffoer aggregate having an absorbent surface faces outside. 

The sanitary napkin 1 00 of the third embodiment is thicker than that shown in Rg. 13 because first absorbent sheet 
is folded in C-shape and yet can be made thinner than the sanitary napkin shown in Rg. 12 which contains fluff pulp in 
the absorbent member 2. Further, a high liquid retention capacity is assured because of the C-shape. The third embod- 
iment thus provides a sanitary napkin having a high liquid retention capacity with a comfortable feel. 

w In a sanitary napkin 1 00 shown in Rg. 1 5. as a fourth preferred embodiment of the absorbent article of the present 
invention, the absorbent member of the sanitary napkin 100 is composed of a plurality of first absorbent sheets 10. 10. 
• • • piled one on the other (three sheets in Rg. 15). The backsheet 3 covers the sides and the back of the pile, and 
the topsheet 1 covers all the surfaces of the pile and the backsheet 3. Similarly to the first embodiment each the first 
absorbent sheet 1 0 is preferably set with its f toer aggregate having an absorbent surface facing to the side of the topsheet 

40 1. 

The sanitary napkin 1 00 of the third ernbocSment is thicker than that shown in Rg. 1 3 because of use of a plura lity 
of first absorbent sheets thus piled and yet can be made thinner than the sanitary napkin shown in Fig. 12 which contains 
fluff pulp in the absorbent member 2. Further, a high liquid retention capacity is assured by using a plurality of first 
absorbent sheets 10 thus piled. The fourth embodiment thus provides a sanitary napkin having a Ngh liquid retention 

45 capacity with a comfortable feel. 

According to the fifth preferred erntxxfiment shown in Rg. 16. the first absorbent sheet 10 serves as a liquid per- 
meable topsheet and a liquid retentive absorbent member. That is. the sanitary napkin 100 of this embodiment contains 
the first absorbent sheet 10 as a unitary body serving as a Iquid permeable topsheet and a liojiid retentive absorbent 
member, and both the sides and the bottom of the first absorbent sheet 10 are covered with the backsheet 3. In this 

so embodiment the first absorbent sheet 1 0 is preferably set with its ffoer aggregate having an absorbent surface on the 
side to be in contact with the body. 

This type of the sanitary napkin 100 can be designed so as to have a further reduced thickness because ft is com- 
posed of only a few members. Therefore, the fifth ernbodiment makes it possible to provide a sanitary napkin with a 
comfortable feel through a simple process and at a low cost 

ss According to the sixth pretened embodiment shown in Fig. 1 7, the first absorbent sheet 1 0 serves for three functions, 
i.e.. as a liquid permeable topsheet. a Bquid retentive absorbent member, and a liquid impermeable backsheet. That is. 
the sanitary napkin 1 00 of this embodiment has a unitary structure in which a liquid permeable topsheet a liquid retentive 
absorbent member, and a liquid impermeable backsheet are integrated. In more detail, the sanitary napkin 1 00 comprises 
a liquid impermeable sheet 3" bonded to the side opposite to the side from which liquid is to be absorbed and the first 
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f 50 **** «f»rt«iariy preferable that the first absorbent sheet 10 be set such that the fiber aggregate 

^l"^^! 0 ^ 6 " !^ Ce fe P 08 * 0 "* 1 °" the from which liquid is to be absorbed, and liquid impermeabte sheet 
3- be bonded to the side opposite to the absorbent surface. eet 

This type of the sanitary napkin 1 00 can be designed so as to have a further reduced thickness because it is com- 
posed of only a few members. Therefore, the sixth embodiment makes it possble to provide a sanitary napkin with a 
comtortable feel through a further simplified process and at a tower cost The sixth embodiment is suitable as an absorb- 
ent arbde for absorption of a small amount of liquid, such as nursing b. east parte or hygienic pads, as well as sanrtarv 

napkins. -an*/ 7 

Next anothei-group of preferred emrx>dirnents of the absorbent article according to the present invention is 

described. 

Another group of preferred embodiments of the absorbent article according to the present invention are those illus- 
trated above as the frst to sixth embodiments (Figs. 12 to 1 7) in which the first absorbent sheet 10 is replaced with each 
of the second to sixth absorbent sheets. The explanation given to the above absorbent articles and the descriptions of 
Pigs. 1 2 to 1 7 appropriately apply to the another group of preferred embodiments. 

While the absorbent articles of the present invention have been described by referring to sanitary napkins as a 
particular example, these absorbent articles can also be used as other absorbent articles, such as hygienic pads dis- 
posable diapers, medical pads, and nursing breast pads, and the like. If desired, a deodorizer, a bactericidal agent' and 
the l.ke may be incorporated into the absorbent sheet to impart additional functions to the absorbent articles Further 
various changes and modifications can be made in the constituting elements of the absorbent articles and the processes 
for producing the absorbent articles without departing from the scope of the present invention. 

EXAMPLES 

The present inventions now be illustrated in greater detail by way of Examples and Comparative Examples t*rt*. 
it is a matter of course that the present invention is not limited to these examples. 

Processes for preparing bulky cellulose fibers and hydrophilic fine fibers or particles which can be used in the fol- 
lowing Examples and Comparative Examples are shown below. Unless otherwise indicated, all the parts and percent* 
are given by weight 

PREPARATION EXAMPLE 1 

Preparation of Bulky CeMuino. rh^ 

n , c 0ne , hUn fl ed f ranlS ^ mercerized f^'P an average fber length of 2.35 mm. a degree of fiber roughness of 

0.36 mg/m and a degree of fiber roundness in the Iter cross section of 0.80 (Torosanier-J-. produced by ITT Rayon, er 
-S^SZTntTJ^ ^J^ 001 * » dimethy.olhydroxyethyleneurea (crossing agent 

v^?n- ^ 1^. 2 produced by Sumitomo Chemical Co.. Ltd.) and 3% metal salt catalyst fSumitex Accelerator 
X-t 10 produced by Sumrtomo Chemical Co.. Ltd.) thereby to inpregnate the mercerized pulp with the crossinking agent 
The crossl.nking agent aqueous solution was removed from the mercerized pulp una the amount of the crossSnking 
agent aqueous ^-on was reduced to 200% based on the mercerized pulp. The mercerized pulp was heated in an 

PREPARATION EXAMPLE 9 
Preparation nf Bulky fVllirfose FShertj 

Crosslinks pulp having an average fber length of 2.38 mm, a degree of fiber roughness of 032 mg/m. and a degree 
of fber soundness in the fber cross section of 0.30 f High Bulk Additive HBA-S* produced by Weyerhauser Paper Co ) 
was prepared (designated cellulose fibers (B)). 

PREPARATION EXAMPI F a 
Preparation Of Bulky Cellul ose Firwrs 

. """^"^'P ^f^" 9 a " aVera9e <iber ,engtn <* 2 35 mm - a deor «« <* ,ber roughness of 0.36 mg/m. and a degree 
^'!^ neS 1 1" CTOSS section <*. 0 80 TPorosanierv)- produced by ITT Rayonier Inc.) was prepared (des- 

ignated cellulose fibers (Q). The cellulose fibers (C) are non-crosstinked fibers 
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PREPARATION EXAMPLE 4 

Preparation of Bulk Cellulose Fbers 

Softwood kraft pulp having an average fiber length of 2.56 mm. a degree ot fber roughness of 0.24 mg/m. and a 
degree of fiber roundness in the fber cross section of 0.34 ("Harmac-R" produced by MacMHIan Bloedel Ltd.) was 
prepared (designated cellulose f bers (D)). The cellulose fibers (D) are non-crossfinked fbers. 



w 



PREPARATION EXAMPLE 5 . ... .. 

Preparation of Bulky Cellulose Fb«s 

Softwood kraft pulp having an average fber length of 2 56 mm. a degree of fiber roughness of 0.35 mg/m, and a 
degree of fber roundness in the fiber cross section of 0.28 rindorayon" produced by PT Inti Indorayon Utama) was 
is prepared (designated cellulose f bers (E)). Ceiulose f bers (E) are non-crosslinked fibers. 

PREPARATION EXAMPLE 6 

Preparation of Crosslinked Cellulose Fbers 

20 

Crosslinked pulp was prepared in the same manner as in Preparation Example 1 . except for using hardwood kraft 
pulp having a degree of fber roughness of 0.13 mg/m and a degree of fber roundness in the fiber cross section of 0.35 
('Bahia Suf Cellulose SA" produced by Bahia Sul Co.) (designated cellulose fibers (F)). -: bah* jw 

The average fiber length, the degree of roughness, and the degree of fiber roundness in the fiber cross section of 
2$ cellulose fbers (A) to (F) were measured in accordance with the methods descrbed below. 

Measurement of Average Fber Length and Degree of Fiber Roughness: 

Measurement was made with a fber roughness meter FS-200 manufactured by Kajaani Electronics Ltd. In order to 
30 measure the true weight of cellulose fbers, cellulose fbers are dried in a vacuum dryer at 100°C for 1 hour to remove 
the water content 

Immediately thereafter, about 1 g of the cellulose fbers is weighed out to a precision of ±0.1 mg and completely 
disaggregated in 150 ml of water by means of a mixer attached to the fber roughness meter. The suspension is dfluted 
with water to make 5000 ml. A 50 ml aliquot of the diluted suspension is precisely measured out as a sample solution 
35 for measurement of the degree of fber roughness. The average fber length and the degree of fber roughness are 
determined according to the operating procedure of the fber roughness meter. The average fber length is obtained from 
the following formula: 

Average Fber Length = ~ 



wherein rtj is the number of fbers having fber length ^ and lj is a fber length. 
Measurement of Decree of Fiber Roundness in Fber Cross Section: 

The degree of fber roundness in the fber cross section of a cellulose fber is obtained as follows. A cellulose fiber 
is transversely sliced with care not to change the sectional area, and an electron micrograph of the section is taken. The 
micrograph is analyzed by an image analyzer ("Avio EXCEL" manufactured by Nippon Avionics Co.. Ltd.) to obtain a 
degree of fber roundness in the fber cross section according to the following formula Measurement is made on arbrtrarily 
chosen 100 points to obtain the average. 

Degree of fiber roundness in fber cross section = 4xnx (Sectional area of a fber) 

(Circumference of the section of thr fber) 2 
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PREPARATION EXAMPLE 7 

Preparation of Hvdroohaic Rne Fbers 

Crosslinked hydrophflic fine fbers were prepared in the same manner as in Preparation Example 1 . except lor using 
cellulose f bers having an average fber length of 0. 1 2 mm and a degree of fber roughness of 0.09 mg/m, and a degree 
of fber roundness in the fber cross section of 0.31 f KC Rock W-100' produced by Sanyo-Kokusaku Pulp Co., Ltd.) 
which were obtained by hydroryzing carefully selected pulp with an acid, washing with water, drying, and mechanically 
grinding into fine f bers. The resulting fibers were designated hydrophilic fine ffoers (G). 

PREPARATION EXAMPLE 8 
Preparation of Hydrophilic Rne Ffoers 

Cellulose fibers having an average fber length of 0. 1 2 mm and a degree of fber roughness of 0.09 mg/m. and a 
degree of fiber roundness in the fber cross section of 0.32 ("KC Flock W-100" produced by Sanyo-Kokusaku Pulp Co., 
Ltd.). designated hydrophilic f inef bers (H), were prepared. Hydrophilic fine fibers (H) , product obtained by hydrolyzing 
carefully selected pulp with an acid, washing with water, drying, and mechanically grinding into fine f bers. Hydrophilic 
fine fbers (H) are non-crossfinked fibers. 

PREPARATION EXAMPLE 9 

Preparation of Hvdrophili c Rne Fbers 

Softwood kraft pulp having a degree of fiber roughness of 0.18 rng/m. and a degree of fiber roundness in the fber 
cross section of 0.32 ("Skeena Prime" produced by Skeena Cellulose Co.) was prepared (designated hydrophilic ftie 
fibers (I)). 

Example 1 

Preparation of Absorbent Sheet 

In water were dispersed chemical pulp (soft wood kraft pUp. SKEENA PRWE produced by Skena Cellulose Co.) 
having a degree of fber roughness of 0.18 mg/m and a degree of fber roundness in the fber cross section of 0.32 and 
1 part by weight (solid content) of a strengthening assistant (polyarnide epichtorohydrin resin, Kaimen WS-570 produced 
by Nippon PMC. Co.) per 1 00 parts by weight of dried pulp. The dspersed mixture was formed into a fber web having 
40 g/m 2 (solid content) at the forming part of the wet paper forming machine. Then, the fber web was dehydrated at a 
suction box to the extent that the water content is made to 200 parts by weight based on 100 parts by weight of dried 
fiber web. Thereafter, a superabsorbent polymer (Polymer Q produced by Kao Co.) was spread substantially uniformly 
on the fiber web at amount of 50 g/m 2 . 

On the surface of the fber web carrying thereon the spread superabsorbent polymer were overlaid an absorbent 
sheet serving as the fber aggregate, which had been previously prepared and had the same composition as the fber 
web. The overlaid combination of the fiber web and the absorbent sheet was introduced into a dryer to dry the overlaid 
combination at 130 • C so as to form the combination into a unitary body. In this way, absorbent sheet (A) incorporating 
a superabsorbent polymer fixed therein was prepared. 

EXAMPLE 2 

Preparatio n of Absorbent She«t 

In water were dispersed 95 parts of cellulose fbers (C) and 5 parts of polyvinyl alcohol fbers having a fineness of 
1 denier and f. fber length of 3 mm (thermaiy fusble bonding fbers Ttbrbond" produced by Sansyo K.K., hereinafter 
referred to as VA fibers) in a prescribed concentration. The resulting tfspersfon was formed into a fber web having a 
dry basis we* t of 40 g/m 2 in a forming part of a wet paper making machine. The fber web was dehydrated in a suction 
box to have s water content of 150 parts per 100 parts of the web on a dry basis. A superabsorbent polymer ("Polymer 
Q" produced by Kao Corp.) was spread substantially uniformly over the dehydrated and still wet fber web in an amount 
of 50 g/m 2 in immediate front of a press part 

As a fber aggregate, previously prepared absorbent paper having the same composition as the fber web and a 
basis weight of 40 g/m 2 was overlaid on the superabsorbent polymer-spread side of the fber web. The laminate com- 
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posed of the fiber web and absorbent paper was led to a dryer, where it was dried at 130°C and formed into a unitary 
body, thereby to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absorbent 
sheet is designated as sheet (B) 

EXAM PLE 3 

Preparation of Absorbent Sheet 

In water were dispersed 70 parts of cellulose fibers (B), 30 parts of hydrophilic fine ffoers (I) and 1 part by weight 
(solid content) of a strengthening assistant in solid content (poJyamide epichlorohydrin resin. Kaimen WS-570 produced 
by Nippon PMC. Lid.) per 100 parts by weight of the mixed dry pulp in a preserved concentration. The resuming dispersion 
was formed into a fiber web having a dry basis weight of 40 g/m 2 in a forming part of a wet papermaking machine. The 
f foer web was dehydrated in a suction box to have a water content of 1 00 parts per 1 00 parts of the web on a dry basis. 
A superabsorbent polymer ("Polymer Q" produced by Kao Corp.) was spread substantially uniformly over the dehydrated 
and still wet f foer web in an amount of 50 g/m 2 in immediate front of a press part. 

As a f foer aggregate, previously prepared absorbent paper having the same composition as the fiber web and a 
basis weight of 40 g/m 2 was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate com- 
posed of the fiber web and absorbent paper was led to a dryer, where it was dried at 1 30*C and formed into a unitary 
body, thereby to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absorbent 
sheet is designated as sheet (C). 

EXAMPLE 4 

Preparation of Absorbent ShePt 

In water were dispersed 95 parts of cellulose fibers (B) and 5 parts of PVA fibers in a prescrfoed concentration. The 
resulting dispersion was formed into a ftoer web having a dry basts weight of 40 g/m 2 in a forming part of a wet paper 
making machine. The fiber web was dehydrated in a suction box to have a water content of 100 parts per 100 parts of 
the web on a dry basis. A superabsorbent polymer ("Polymer Q" produced by Kao Corp.) was spread substantially 
uniformly over the dehydrated and still wet fiber web in an amount of 50 g/m 2 in immediate front of a press part. 

As a f bar aggregate, previously prepared absorbent paper having the same composition as the fiber web and a 
basis weight of 40 g/m 2 was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate com- 
posed of the fiber web and absorbent paper was led to a dryer, where rt was dried at 130°C and formed into a unitary 
body, thereby to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absorbent 
sheet is designated as sheet (D). 

EXAMPLES 

Preparation of Absorbent Sheet 

In water were dispersed 90 parts of cellulose ffoers (B) and 1 0 parts of low-boiling polyester fibers having a fineness 
of 1 .1 denier and a f foer length of 5/nm (thermafly fusfole bonding ffoers "TM-07N* produced by Teijin Ltd., hereinafter 
simply referred to as polyester ffoers) in a prescribed concentration. The resulting dispersion was formed into a ftoer 
web having a dry basis weight of 40 g/m 2 in a forming part of a wet paper making machine. The ftoer web was dehydrated 
in a suction box to have a water content of 1 00 parts per 1 00 parts of the web on a dry basis. A superabsorbent polymer 
("Polymer Q" produced by Kao Corp.) was spread substantially uniformly over the dehydrated and still wet ftoer web in 
an amount of 50 g/m 2 in immediate front of a press part 

On the superabsorbent polymer-spread side of the ftoer web was overlaid dry processed heat adhesive nonwoven 
fabric (basis weight: 40 g/m 2 ) which was prepared by carding polyethylene/ipc4>propylene conjugate ffoers having a 
fineness of 2.2 denier and a fiber length of 38 mm and having been subjected to a surface treatment for rendering 
hydrophilic (a product of Chisso Corp.). The laminate composed of the ftoer web and nonwoven fabric was led to a dryer, 
where it was dried at 130°C and formed into a unitary body, thereby to obtain an absorbent sheet having fixed therein 
the superabsorbent polymer. The resulting absorbent sheet is designated as sheet (E). 
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EXAMPLE 6 

Preparation of Absorbent Shf Mfl 

In water were dispersed 60 parts of celMose fbers (B). 35 parts of hydrophilic the fbers (I), and 5 parte of poly- 
ethylene twepl^late bers having a fineness of 1.1 denier and an average fiber length of 5 mm (thermally fusible 
bonding fbers TMOTNSB" produced by Teijin Ltd.. hereinafter referred io as PET fibers), and the slurry was formed 
into a diffusing layer on the wire of a first paper making machine. 

Separately. 95 parts of cellulose fbers (B) and 5 parts of PET fbers were dispersed in water, and a permeable layer 
was formed on the wire of a second paper making machine by using the slurry. 

The diffusing layer and the permeable layer were each removed from the wire and laminated one on the other to 
prepare composrte absorbent paper as a fber web. The fiber web thus formed had a total basis weight of 70 g/m 2 on a 
dry basis, in which each of the diffusing layer and the permeable layer had a basis weight of 35 g/m 2 The fiber web had 
such a gradient m liquid diffusion as to exhbrt high liquid permeability in its permeable layer side and high Bouid diffusino 
properties in its diffusing layer side. "musing 

The fiber web was dehydrated in a suction box so as to have a water content of 200 parts per 1 00 parts of the fber 
web on a dry basis. Subsequently, and in immediate front of a press part, a superabsorbent polymer ("Aquaric CAW-4" 
produced by Nippon Shokubai Kagaku Kogyo Co.. Ltd.) was spread substantially uniformly on the permeable layer of 
the dehydrated wet fber web at a rate of 50 g/m 2 . 

A fiber web having a basis weight of 30 g/m 2 which had previously been prepared according to the following formu- 
lation was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate of the fber web and the 
fiber aggregate was led to a dryer, where it was dried at 130'C and formed into a unitary body to obtain an absorbent 
sheet having fixed therein the superabsorbent polymer as shown in Fig. 3. The resulting absorbent Sheet is designated 
absorbent sheet (F). 

The fiber aggregate used was prepared as follows. The cellUose fbers (A) and PET fbers were uniformly dispersed 
in water in a concentration of 0.1 9% and 0.01%. respectively, to prepare a 0.2% slurry. The slurry was spread over the 
wire having an opening size of 90 »im (166 mesh) of a paper making machine to form a paper layer on the wire The 
paper layer was dehydrated and dried in a suction box at a rate of 6 ml/fcrn 2 ■ sec) to obtain a fber aggregate having a 
basis weight of 30 g/m*. The resulting fber aggregate contained 95 parts of cellulose fbers (A) and 5 parts of PETfbers 
per 100 parts of the fiber aggregate. 

EXAMPLF 7 

Preparation of Absorhont Shoot 

An absorbent sheet (designated absorbent sheet (G) was prepared in the same manner as in Example 6. except 
for forming a diffusing layer from 70 parts of cellulose fbers (C). 25 parts of hydrophilic fine fbers (I), and 5 parts of PVA 
fibers, a permeable layer from 95 parts of cellulose fibers (C) and 5 parts of PVA fbers. and a fiber aggregate from 97 
parts of cellulose fbers (A) and 3 parts of PVA fbers. 

EXAMPLE B 

Preparation of Absorhagt Shg«t 

Cellulose fbers (B) and PET fibers were uniformly dispersed in water in a concentration of 0.19% and 0 01% 
respectively, to prepare a 0.2% slurry. The slurry was spread on the wire having an opening size of 90 |un (166 mesh) 
* ? ps ^T a * n ? machine *> form a paper layer on the wire. The paper layer was dehydrated in a suction box at a rate 
of 6 rn^cm-.sec] to obtain a fber web having a dry basis weight of 30 g/m 2 . The resulting fber web contained 95 parts 
of cellulose fibers (B) and 5 parts of PET fibers per 100 parts of the fber web. 

The fiber web was dehydrated in a suction box to have a water content of 200 parts per 100 parts of the web on a 
dry basis. Subsequently and in immediate front of a press part, a sunerabsorbent polymer (Aquaric CAW-4 produced 
by Nippon Shokubai Kagaku Kogyo K.K.) was spread substantially uniformly over the dehydrated and still wet fber web 
at a rate of 50 a/rrr. 

A fiber aggregate having a basis weight of 70 g/m which had been previously prepared according to the following 
formulation was overlaid on the superabsorbent polyr^r-spread side of the fber web in such a manner that the fber 
web was brought into contact with the diffusing layer (hereinafter described) of the fber aggregate. The laminate com- 
posed of the fiber web and absorbent paper was led to a dryer, where it was dried at 130*C and formed into a unitary 
body, thereby to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resorting absorbent 
sheet is designated as sheet (H). 
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The fiber aggregate used above was composite absorbent paper composed of a permeable layer and a diffusing 
layer, which was prepared as follows. 

In water were dispersed 95 parts of cellulose ftoers (C) and 5 parts of PET fibers, and a diffusing layer was formed 
on the wire of a first paper making machine by using the slurry. 

Separately. 70 parts of cellulose ftoers (Q. 25 parts of hydrophilic fine ftoers (I), and 5 parts of PET ftoers were 
dispersed in water, and a permeable layer was formed on the wire of a second paper making machine by using the slurry. 

The diffusing layer and the permeable layer were each removed from the wire and laminated one on the other to 
prepare a composite absorbent paper as a f ber aggregate. The fiber aggregate thus formed had artotal basis weight of 
70 g/m 2 . in which each of the diffusing layer and the permeable layer had a basis weight of 35 gym 2 : The ftoer aggregate 
had such a gradient in liquid diffusion as exhtorted high liquid permeability in its permeable layer side and high liquid 
diffusing properties in its Diffusing layer side. r 

EXAMPLES 

Preparation of Absorbent Sheet 

Cellulose fibers (A), hydrophilic fine fbers (H) t and PVA fbers were uniformly dispersed in water in a concentration 
of 0.16%, 0.03%, and 0.01%, respectively, to prepare a 0.2% slurry 

The slurry was spread on the wire having an opening size of 90 um (1 66 mesh) of a paper making machine to form 
a paper layer on the wire. The paper layer was dehydrated in a suction box at a rate of 6 ml/Jem 2 • sec] to obtain a fiber 
web having a basis weight of 70 g/m 2 . 

The resulting fber web contained 80 parts of cellulose ftoers (A). 1 5 parts of hydrophilic fine fbers (H), and .5 parts 
of PVA fibers per 100 parts of the fiber web. The proportion of hydrophilic fine ftoers (H) was higher in one^ide of-the** 
fiber web than in the other side so that the fiber web showed such a gradient in fiquid diffusion as exhibited high diffusion 
in the side with a high proportion of hydrophilic fine ftoers (H) and low diffusion in the opposite side. 

The fiber web was dehydrated in a suction box so as to have a water content of 200 parts per 1 00 parts of the web 
on a dry basis. A superabsorbent polymer (Aquaric CAW-4. produced by Nippon Shokubai Kagaku Kogyo K.K.) was 
spread substantially uniformly over the side having a lower proportion of hydrophilic fine fibers (H) of the dehydrated 
and still wet fber web at a rate of 50 g/m 2 . 

A ftoer aggregate having a basis weight of 30 g/m 2 which had been previously prepared according to the following 
formulation was overlaid on the superabsorbent polymer-spread side of the fber web. The laminate composed of the 
ftoer web and the ftoer aggregate was led to a dryer, where it was dried at 130*C and formed into a unitary body, thereby 
to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absorbent sheet is desig- 
nated as sheet (I). 

The fiber aggregate used above was prepared as follows. Cellulose fibers (A) and PVA fbers were uniformly dis- 
persed in water in a concentration of 0.194% and 0.006%, respectively, to prepare a 0.2% slurry. The slurry was spread 
on a paper making wire having an opening size of 90 \im (166 mesh) to form a paper layer on the wire. The paper layer 
was dehydrated and dried in a suction box at a rate of 6 ml/Jem 2 - sec] to obtain a ftoer aggregate having a basis weight 
of 30 g/m 2 . The resulting ftoer aggregate contained 97 parts of cellulose ftoers (A) and 3 parts of PVA ftoers per 100 
parts of the fiber aggregate. 

EXAMPLE 10 

Preparation of Absorbent Sheet 

Cellulose ftoers (B) and PVA fbers were uniformly dispersed in water in a concentration of 0.194% and 0.006%. 
respectively, to prepare a 0.2% slurry. The slurry was spread on a paper making wire having an opening size of 90 jun 
( 1 66 mesh) to form a paper layer on the wire. The paper layer was dehydrated in a suction box at a rate of 6 rrt/[cm 2 • sec] 
to obtain a ftoer web having a basis weight of 30 g/m 2 . The resulting ftoer web contained 97 parts of cellulose ftoers (B) 
and 3 parts of PVA ftoers per 100 parts of the fiber web. 

The fber web was dehydrated in the suction box so as to have a water content of 200 parts per 100 parts of the 
fiber web on a dry basis. 

Subsequently and immediately in front of a press part, a superabsorbent polymer ("Aquaric CAW-4" produced by 
Nippon Shokubai Kagaku Kogyo Co., Ltd.) was spread substantially uniformly over the dehydrated and wet ftoer web at 
a rate of 50 g/m 2 

A ftoer aggregate having a basis weight of 70 g/m 2 which had been previously prepared according to the following 
formulation was overlaid on the superabsorbent polymer-spread side of the fber web. The laminate composed of the 
fiber web and the fiber aggregate was led to a dryer, where it was dried at 130*C and formed into a unitary body, thereby 
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to obtain an absorbent sheet having fixed therein the superabsorbent polymer. The resulting absorbent sheet is desig- 
nated as sheet (J). 

The fiber aggregate used above was prepared as follows. Cellulose f toers (A), hydrophilic fine f toers (H). and PVA 
fibers were uniformly dispersed in water in a concentration of 0.16%, 0.03%, and 0.01%. respectively, to prepare a 0.2% 
slurry. 

The slurry was spread on a paper making wire having an opening size of 90 fim (1 66 mesh) to form a paper layer 
on the wire. The paper layer was dehydrated and dried in a suction box at a rate of 6 ml^cm 2 • sec] to obtain a ftoer 
aggregate having a basts weight of 70 gAn 2 . . 
682[0185] 

The resulting ftoer aggregate contained 80 parts of cellulose fibers (A). 15 parts of hydrophilic fine f toers (H). and 
5 parts of PVA f toers per 1 00 parts of the fber aggregate. The proportion of hydrophilic fine f foers (H) was higher in one 
side of the fiber aggregate than in the other side so that the fiber aggregate showed such a gradient in liquid diffusion 
as exhibited high diffusion in the side with a high proportion of hydrophilic fine fibers (H) and low diffusion in the opposite 
side. 

EXAMPLE 11 

Preparation of Absorbent Sheet 

In water were dispersed 95 parts of cellulose fibers (A) and 5 parts of PVA fibers in prescribed concentrations. A 
fiber web having a dry basis weight of 70 gAn 2 was formed from the slurry in the forming part of a wet paper making 
machine. The ftoer web was dehydrated in the suction box so as to have a water content of 150 parts per 100 parts of 
the ftoer web on a dry basis. In immediately front of the press-part hydrophilic fine fibers (G) were spread on the dehy- 
drated wet fiber web substantially uniformly at a rate of r 20 g/m 2 . and a superabsorbent polymer {"Aquaric CAW-4" 
produced by Nippon Shokubai Kagaku Kogyo Co., Ltd.) was further spread thereon substantially uniformly at a rate of 
50 g/m 2 . 

Previously prepared absorbent paper having the same composition as the above ftoer web and having a basis 
weight of 30 g/m 2 was overlaid on the side of the ftoer web on which hydrophflic fine f bers (G) and the superabsorbent 
polymer had been spread. The laminate of the ftoer web and the absorbent paper were led to a dryer and dried at 1 30*C 
to obtain a unitary absorbent sheet having fixed therein hydrophilic fine fibers (G) and the superabsorbent polymer 
(designated absorbent sheet (K)). 

EXAMPLE 12 

Preparation of Absorbent Sheet 

In water were dispersed 95 parts of cellulose fibers (B) and 5 parts of the polyester f bers in prescribed concentra- 
tions. A f ber web having a dry basis weight of 70 g/m 2 was formed from the slurry in the forming part of a wet paper 
making machine. The fiber web was dehydrated in a suction box so as to have a water content of 100 parts per 100 
parts of the ftoer web on a dry basis. After the ftoer web was passed through a press part, hydrophilic fine fibers (G) 
were spread thereon substantially uniformly at a rate of 20 gym 2 , and a superabsorbent polymer f Aquaric CAW-4" 
produced by Nippon Shokubai Kagaku Kogyo Co., Ltd.) was further spread thereon substantially uniformly at a rate of 
50 g/m 2 . 

Previously prepared absorbent paper having the same composition as the above ftoer web and having a basis 
weight of 30 g/m 2 was overlaid on the side of the fiber web on which hydrophflic fine f toers (G) and the superabsorbent 
polymer had been spread. The laminate of the ftoer web and the absorbent paper were led to a dryer and dried at 1 30*C 
to obtain an integrated absorbent sheet having fixed therein hydrophilic fine f toers (G) and the superabsorbent polymer 
(designated absorbent sheet (L)). 

EXAMPLE 13 

Preparation of Absorbent Sheet 

An absorbent sheet (designated absorbent sheet (M)) was prepared in the same manner as in Example 12. except 
that the f ber web and the f ber aggregate were each prepared from 9S Darts of cellulose fibers (C) and 5 parts of PVA 
fibers and that a uniform mixture of rydrophilic fine fibers (H) and the superabsorbent polymer was spread substantially 
uniformly at a rate of 50 g of each f bers per m 2 
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Preparation of Absorbent Sheet 

An absorbent sheet (designated absorbent sheet (N)) was prepared in the same manner as in Example 1 1 . except 
that the f foer web and the f foer aggregate were each prepared 1rom 95 parts of cellulose fibers (D) and 5 parts of polyester 
fibers and that a uniform mixture of hydrophilic fine fibers (H) and the superabsorbent polymer was spread substantially 
uniformly at a rate of 50 g of each fibers per m 2 . 

Example 15 

Preoaration of Absorbent Sheet 

An absorbent sheet (O) was prepared in the same manner as in Example 1 1 . except that a fber web and a fiber 
aggregate were prepared from 60 parts of the cellulose ftoers (A), 40 parts of the cellulose ffeers (D) and 1 part of a 
strengthening assistant (polyamide epichlorohydrin resin, Kaimen WS-570). and that a mixture of the hydrophilic fine 
fibers (H) and the superabsorbent polymer both uniformly mixed was spread at an amount of 50 g/m 2 , respectively. 

Example 16 

Preparation of Absorbent Sheet 

An absorbent sheet (P) was preparedinthe/same manner as in Example 1 1 , except that a fiber web and a fiber 
aggregate were prepared from 95 parts of the cellulose fbers (E) and 5 parts of the polyester fibers, and that a mixture 
of the hydrophilic fine fibers (H) and the superabsorbent polymer both uniformly mixed was spread at an amount of 50 
g/m 2 , respectively. 

COMPARATI VE EXAMPLE 1 

Preparation of Absorbent Sheet 

An absorbent sheet was prepared as follows using absorbent paper having a basis weight of 40 g/m 2 which had 
been previously prepared from hydrophilic fine fibers (I). 

Water was spread on the absorbent paper to give a water content of 200 parts per 100 parts of the dry absorbent 
paper. A superabsorbent polymer ("Polymer Q" produced by Kao Corp.) was spread on the wetted absorbent paper 
substantially uniformly at a rate of 50 g/m 2 . 

Absorbent paper having the same composition as the above absorbent paper and having a basis weight of 40 g/m 2 
was overlaid on the superabsorbent polymer-spread side of the absorbent paper. The laminate of the two sheets of 
absorbent paper was integrated by pressing and dried in a dryer to obtain an absorbent sheet having a total basts weight 
of 130 g/m 2 (designated absorbent sheet (Q)). The absorbent paper on which the superabsorbent polymer was spread 
did not have the state of a wet fber web. That is, the pUp fibers in the absorbent paper were strongly bound to each 
other. Absorbent sheet (Q) consisted of a pair of sheets of absorbent paper with the st4>erabsorbent polymer sandwiched 
therebetween in a layer. 

COMPARATIVE EXAMPLE 2 

Preparation of Absorbent Sheet 

Water was spread on the same absorbent paper as used in Comparative Example 1 to give a water content of 1 00 
parts per 100 parts of the absorbent paper on a dry basis, A superabsorbent polymer ("Polymer Q" produced by Kao 
Carp.) was spread over the wet absorbent paper substantially uniformly at a rate of 50 g/m 2 . 

Absorbent paper having the same composition as the above absorbent paper and having a basis weight of 40 g/m 2 
was overlaid on the superabsorbent polymer-spread side of the absorbent paper. The laminate was pressed and inte- 
grated by passing under an embossing roll having a 5 x 5 mm lattice pattern and dried in a dryer to obtain an absorbent 
sheet having a total basis weight of 130 g/m 2 . The resulting absorbent sheet is designated' absorbent sheet (R). The 
absorbent paper on which the superabsorbent polymer was spread did not have the state of a wet fiber web. That is, 
the pulp fibers in the absorbent paper were strongly bound to each other. Absorbent sheet (R) consisted of a pair of 
sheets of absorbent paper with the superabsorbent polymer interposed therebetween by embossing. 
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COMPARATIVE EXAMPLE 3 
Preparation of Absorbent Sheet 

5 An adhesive ("Movinyl 710" produced by Hoechst Oosei K.K.) was applied to the same absorbent paper as used 

in Comparative Example 1 at a spread of 20 gym 2 , and a superabsorbent polymer ("Polymer Q" produced by Kao Corp.) 
was spread over the adhesive-applied side of the absorbent paper substantially uniformly at a rate of SO gAn 2 . 

Absorbent paper having the same composition and basis weight as the absorbent paper used above was overlaid 
on the superabsorbent polymer-spread side of the absorbent paper. The laminate of the two sheets of absorbent paper 

io was integrated by pressing and dried in a dryer to obtain an absorbent sheet having a total basis weight of 150 g/m 2 
(designated absorbent sheet (S)). The absorbent paper on which the superabsorbent polymer was spread did not have 
the state of a wet fiber web. That ts t the pulp fibers in the absorbent paper were strongly bound to each other. Absorbent 
sheet (S) consisted of a pair of sheets of absorbent paper with the superabsorbent polymer fixed therebetween in a 
layer via an adhesive. 

COMPARATIVE EXAMPLE 4 

Preparation of Absorbent Sheet 

20 An absorbent sheet comprising synthetic pulp and a superabsorben t polymer and having a basis weight of 80 g/m 2 
was prepared by a dry process as follows. 

A pulp sheet (soft wood pulp produced by Hercules. Ltd.) consisting of 25 parts of polyethylene synthetic pulp and 
n, :rv x75 parts: of chemical pulp was fbrilated by means of a hammer mil, and a superabsorbent polyme*(rAquaric'CAW-4" 
\ ;--<< produced by Nippon Shokubai Kagaku Kogyo Co.. Ltd.) was mixed therewith in such an amount tbatthe'resutting absorb- 
25 ent sheet contained 50 g/m 2 of the superabsorbent polymer. The mixture was sheeted and then subjected to hot air 
treatment, whereby the polyethylene synthetic pulp was fused to provide an unitary body. The resulting dry processed 
absorbent sheet is designated absorbent sheet (T). Absorbent sheet CD had the superabsorbent polymer on its surface. 

COMPARATIVE EXAMPLE 5 

30 

Preparation of Absorbent Sheet 

A superabsorbent polymer fAcuaric CAW-4" produced by Nippon Shokubai Kagaku Kogyo Co., Lid.) was spread 
at a rate of 45 g/m 2 between a pair of pulp sheets (soft wood pulp produced by Hapix Co., Ltd.) each having a basis 
35 weight of 45 g/m 2 which were prepared by an air-laid method. The pulp was then fixed with a chemical binder to prepare 
an absorbent sheet, designated absorbent sheet (V). 

COMPARATIVE EXAMPLE $ 

40 Preparation of Absorbent Sheet 

Dry composite absorbent paper composed of a permeable layer and a diffusing layer was prepared asafber web 
as follows. 

In water were dispersed GO parts of cellulose fibers (E), 20 parts of hydrophilic fine fibers (I). and 20 parts of PET 
45 fibers, and a diffusing layer was formed on the wire of a first paper making machine. 

Separately. 95 parts of cellulose f bers (E) and 5 parts of PETftoers were dispersed in water, and a permeable layer 
was formed on the wire of a second paper making machine. 

The diffusing layer and the permeable layer were removed from the wire and laminated one on the other. The 
laminate was dehydrated and dried to obtain a ffoer web. The resulting fiber web was composite absorbent paper corn- 
so posed of the diffusing layer and the permeable layer, but had no diffusion gracfient The diffusing layer and the permeable 
layer each had a basis weight of 35 g/m 2 . giving the ftoer web a total basis weight of 70 g/m 2 . 

An adhesive ( a Movinyt 710" produced by Hoechst Gosei K.K.) was applied to the permeable layer of the dried ffoer 
web at a spread of 20 g/m 2 , and a superabsorbent polymer ("Aquaric CAW-4" produced by Nippon Shokubai Kagaku 
Kogyo Co., Ltd.) was spread thereon substantially uniformly at a rate pf 50 g/m 2 . 
55 A fiber aggregate having a basis weight of 30 g/m 2 which had been previously prepared according to the following 
formulation was overlaid on the superabsorbent polymer-spread side of the fiber web. The laminate was pressed into a 
unitary body and dried in a dryer at 1 30°C to obtain an absorbent sheet having a basis weight of 1 70 g/m 2 . The resulting 
absorbent sheet is designated absorbent sheet (V). The fiber web on which the superabsorbent polymer was spread 
did not have the state of a wet f toer web. That is. the pulp fibers in the absorbent paper were strongly bound to each 
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other. Absorbent sheet (V) consisted of the fiber web and the fiber aggregate with the superabsorbent polymer fixed 
therebetween in a layer via an adhesive. 

The fiber aggregate used above was prepared as follows. Cellulose ffoers (E) and PET fbers were uniformly dis- 
persed in water in a concentration of 0.19% and 0.01%, respectively, to prepare a 0.2% slurry. The ftoer aggregate was 
prepared by using the slurry in the same manner as in Example 1. The ftoer aggregate contained 95 parts of cellulose 
fibers (E) and 5 parts of PETftoers per 100 parts of the ftoer aggregate. 

COMPARATIVE EXAMPLE 7 CvMr?AF 

Preparation of Absorbent Sheet 

A dry ftoer web was prepared as follows. 

Cellulose fibers .(D) and PVA ftoers were uniformly dispersed in water in a concentration of 0.19% and 0.01%. 
respectively, to prepare a 0.2% slurry. The slurry was formed into a ffoer web having a basis weight of 30 g/m 2 in the 
same manner as in Example 7. The resulting ftoer web contained 95 parts of cellulose ftoers (D) and 5 parts of PVA 
fibers per 100 parts of the ftoer web. 

Water was supplied on the resulting ftoer web to give a water content of 10 parts per 100 parts of the fiber web on 
a dry basis. A superabsorbent polymer ("Aquaric CAW-4" produced by Nippon Shokubai Kagaku Kogyo Co., Ltd.) was 
spread over the wetted fiber web substantially uniformly at a rate of 50 g/m 2 . 

A fiber aggregate having a basis weight of 70 g/m 2 which had been previously prepared according to the following 
formulation was overlaid on the superabsorbent polymer-spread side of the ftoer web in such a manner that the ftoer 
web might be brought into contact with the diffusing layer (hereinafter described) of the ftoer aggregate. The laminate 
of the ftoer .web and-the'fber -aggregate was integrated by pressing with an embossing roll having a 5 x 5*mm*lattice- *t.*x 
pattern and dried in-a-dryer at 130*C to obtain an absorbent sheet having a total basis weight of 150 g/rr^XThe resulting 
absorbent sheet is designated absorbent sheet (W). The ftoer web on which the superabsorbent polymer was spread 
did not have the state of a wet ftoer web. That is. the pulp ftoers in the ftoer web were strongly bound to each other. 
Absorbent sheet (W) consisted of the fiber web and the ftoer aggregate with the superabsorbent polymer pressed ther- 
ebetween by embossing. 

The ftoer aggregate used above was composite absorbent paper composed of a permeable layer and a diffusing 
layer, which was prepared as follows. 

In water were dispersed 60 parts of cellulose fibers (D), 35 parts of hydrophilic fine ftoers (I), and 5 parts of PVA 
fibers, and a diffusing layer was formed on the wire of a first paper making machine by using the slurry. 

Separately. 95 parts of cellulose fbers (D) and 5 parts of PVA ftoers were dispersed in water, and a permeable layer 
was formed on the wire of a second paper making machine by using the slurry. 

The diffusing layer and the permeable layer were removed from the respective wires, laminated one on the other, 
and dehydrated and dried to prepare a ftoer aggregate. The resulting fiber aggregate contained no bulky cellulose fibers 
and therefore did not have a diffusion gradient. 

The ftoer aggregate thus formed had a total basis weight of 70 g/m 2 . in which each of the diffusing layer and the 
permeable layer had a basis weight of 35 g/m 2 . 

COMPARATIVE EXAMPLE 8 

Preparation of Absorbent Shes* 

In water were dispersed 95 parts of cellulose ftoers (D) and 5 parts of PVA ftoers. and the slurry was formed into 
paper and dried by means of a paper making machine to prepare absorbent paper having a basis weight of 70 g/m 2 . 
An absorbent sheet comprising the absorbent paper was prepared by the following process. 

Water was spread on the resulting absorbent paper to give a water content of 200 parts per 1 00 parts of the absorbent 
paper on a dry basis. A superabsorbent polymer ("Aquaric CAW-4' produced by Nippon Shokubai Kagaku Kogyo Co., 
Ltd.) was spread over the wetted absorbent paper substantially uniformly at a rate of 50 g/m 2 . 

Absorbent paper having the same composition as the above absorbent paper and a basis weight of 30 g/m 2 was 
overlaid on the superabsorbent polymer-spread side of the absorbent paper. The laminate of a pair of the sheets of the 
absorbent paper was integrated by pressing and dried in a dryer to obtain an absorbent sheet having a total basis weight 
of 150 g/m 2 . designated absorbent sheet (X). The absorbent paper on which the superabsorbent polymer was spread 
did not have the state of a wet ftoer web. That is, the fbers composing the absorbent paper were strongly bound to each 
other even after wetted. Absorbent sheet (X) consisted of a pair of the sheets of the absorbent paper with the superab- 
sorbent polymer sandwiched therebetween in a layer. 
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COMPARATIVE EXAMPI P Q 
Preparation of Absorbent Shg ^ 

In water were dispersed 95 parts of cellulose fibers (E) and 5 parts of PET fibers, and the slurry was formed into 
paper and dried by means of a paper making machine to prepare absorbent paper having a basis weight of 70 g/m 2 
An absorbent sheet comprising the absorbent paper was prepared by the following process. 

The absorbent paper was coated with an adhesive fMovinyt 710* produced by Hoechst Gosei KX) at a spread of 
20 g/m , and a superabsorbent polymer f Aquartc CAW-4" produced by Nippon Shokubai Kagaku Kogyo Co.. Ltd.) was 
spread thereon substantially uniformly at a rate of 50 g/m 2 . 

Absorbent paper having the same composition as the above absorbent paper and a basis weight of 30 g/m 2 was 
overlaid on the superabsorbent polymer-spread side of the above absorbent paper. The laminate was pressed into a 
unitary body and dried in a dryer to obtain an absorbent sheet having a total basis weight of 150 g/m 2 . designated 
absorbent sheet (Y). The absorbent paper on which the superabsorbent polymer was spread cSd not have the state of 
a wet f tier web. That is. the pulp fbers in the absorbent paper were strongly bound to each other. Absorbent sheet (Y) 
consisted of a pair of the sheets of absorbent paper with the superabsorbent polymer sandwiched therebetween in a layer. 

COMPARATIVE EXAMPLE m 



Preparation of Absorbent Sheaf 



In water were dispersed 95 parts of cellulose ftoers (F) and 5 parts of PVA fibers, and the slurry was formed into 
paper and dried by means of a paper making machine- toiprepareiabsorbent paper having a basis weight of 70 g/m 2 . 
An absorbent sheet comprising the absorbent paper was'prepared by the following process. 

Water was spread on the resulting absorbent paper to give a water content of 1 0 parts per 1 00 parts of the absorbent 
paper on a dry basis. A superabsorbent polymer fAquaric CAW-4" produced by Nippon Shokubai Kagaku Kogyo Co., 
Ltd.) was spread on the wetted absorbent paper substantially uniformly at a rate of 50 g/m 2 . 

Absorbent paper having the same composition as the above absorbent paper and a basis weight of 30 g/m 2 was 
overlaid on the superabsorbent polymer-spread side of the absorbent paper. The laminate of a pair of the sheets of the 
absorbent paper was integrated by pressing under an embossing roll having a 5 x 5 mm lattice pattern and dried in a 
dryer to obtain an absorbent sheet having a total basis weight of 1 50 g/m 2 . designated absorbent sheet (Z). The absorb- 
ent paper on which the superabsorbent polymer was spread did not have the state of a wet fber web. That is. the ftoers 
composing the absorbent paper were strongly bound to each other even after wetted. Absorbent sheet (Z) consisted of 
a pair of the sheets of such absorbent paper with the superabsorbent polymer sandwiched therebetween in a layer. 

Each of the absorbent sheets prepared was tested according to the following test methods. The resutts obtained 
are shown in Table t below. 



Thickness: 



An absorbent sheet was cut to an appropriate size, a toad of 2.5 g/cm 2 was applied thereon with a loaded area of 
1 0 cm (a disk having a radius of 1 1Z mm) . and the thickness of the sheet under the toad was measured with a thickness 
meter. Measurement was made on 10 cut pieces per sample to obtain an average thickness. 

Test of Fan- off of Superabsorbent Pdvmer: " 

A 70 x 200 mm piece cut out of an absorbent sheet was weighed and put in a 280 mm long and 200 mm wide 
polyethylene bag with a fastener. Vibration was given to the test piece by shaking the bag 50 times by the hand. The 
test piece was again weighed to obtain a change in weight In order to facilitate visual observation of the superabsorbent 
polymer fallen in the bag. water tinted with Blue No. t (0.3 g/100 ml of water) was put into the bag to swell the fallen 
superabsorbent polymer. The degree of fall-off of the superabsorbent polymer was observed with the naked eye and 
graded as follows. 

Good ... Fall-off of surr-rabsorbent polymer is hardly observed. 

Fair . . Slight tall-of superabsorbent polymer is observed. 

Poor ... Considered; ; ii-off of superabsorbent polymer is observed. 



Measurement was nu..je ten times, and a fall-off value was calculated by averaging the measured values. 
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Wet Strength of Absorbent Sh^y 

Ten grams of water tinted with Blue No. 1 (0.3 g/100 mJ of water) was dropped on a plate and wiped off by hand 
with a 200 mm x 200 mm test piece cut out of an absorbent sheet The wiping test was repeated three times for each 
test piece (unta 30 g of water was absorbed in the test piece). The surface condition of the test piece and the fall-off of 
the superabsorbent polymer were examined. 

Good ... The surface of the absorbent sheet does not rip. and the superabsorbent polymer does not fall off. 
Fair . The surface of the absorbent sheet slightly rips, but the superabsorbent polymer does not fad off. 
Poor ... The surface of the absorbent sheet rips, and the superabsorbent polymer falls off. 

Saturated Absorption: 

A 5 cm square test piece cut out of an absorbent sheet is put in a bag made of nonwoven fabric and soaked in ion- 
exchanged water for 10 minutes as contained in the bag. The bag was taken out at water, hung in air for 1 hour to let 
the water drip, and weighed to obtain a weight gain per gram of the sheet as a saturated absorption (g/g). 

Rate of Absorption: 

As shown in Fig. 18. 10 cm square transparent acrylic plate 220 having a throughhole of 1 cm in diameter in the 
center thereof was placed on 15 cm square absorbent sheet 200, and weights 222 were put thereon to apply a load of 
5 g/cm 2 to the absorbent sheet Twenty milliliters of physiological saline was poured into the sheet through the hole, and 
the time required for the sheet to absorb physiological saline was measured. One minute later, the same absorption test 
was repeated to measure the time for re-absorption^' ■ — 

Back-flow: 

As shown in Fig. 19, after 10 minutes from the above-described measurement of the rate of absorption, 10 sheets 
of 15 cm square filter paper 224 (Toyo Filter Paper Type 2) were piled up on the absorbent sheet, and 15 cm square 
acrylic plate 226 and weight 222 were put thereon to apply a load of 50 g/cm 2 for 1 minute. Filter paper 224 was removed, 
and the weight of physiological saline absorbed in filter paper 224 was taken as a back-flow. 
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EXAMPLE 17 

Preparation of Absorbent Article 



A sanitary napkin having the structure of Fig. 12 was prepared as follows. 

A 175 m long and 73 mm wide absorbent sheet (D) was used as the absorbent sheet 10. Fluff pulp 2a having a 
basis weight of 300g/m z and a thickness of 4.5 mm, cut to a size of 1 75 mm length and 73 mm width, was laminated 
thereon. The sides and the upper part of the combination of absorbent sheet (D) and the fluff pulp were covered with 
130 mm wide and 1 75 mm long wet-processed absorbent paper 2b consisting of wood pulp to prepare the absorbent 
member 2. 

Waterproof paper 205 mm long and 95 mm wide (wet-processed absorbent paper having polyethylene laminated 
thereon) was used as the backsheet 3. The sides and the bottom of the absorbent member 2 was covered with the 
waterproof paper. All the surfaces of the combination of the absorbent member 2 and polyethylene-laminated paper 
were covered with the 205 mm long and 172 mm wide topsheet 1 capable of absorbing body liquids (hereinafter 
described), and all the members were fixed to each other with hot-melt adhesive 6. Finally, a pair of adhesive bands 4 
each having a width of 20 mm and a length of 1 15 mm were provided on the bottom by applying a hot-melt adhesive at 
a spread of 30 g/m 2 . Thus, the sanitary napkin having the structure shown in Fig. 12 was obtained. 

A perforated polyethylene f Sm was used as the topsheet 1 . This film was obtained by perforating a polyethylene film 
having a basis weight of 30 g/m 2 to make openings having a diameter of 0.5 mm at a opening area ratio of 20%. 

EXAMPLE 1fi 



Preparation of Absorbs AniCift 

A sanitary napkin having the structure of Fig. 14 was prepared as follows. 

A sanitary napkin having the structure of Fig. 14 was prepared in the same manner as in Example 14, except that 
the absorbent member was prepared by folding a 175 mm long and 1 45 mm wide absorbent sheet (B) into a Oshape 
in such a manner that both ends met substantially at the center of the folded sheet to make the width 73 mm. The 
absorbent sheet (B) was used as the absorbent layer. 



EXAMPLES 19 TO 30 



Preparation of Absorbent Article 



Sanitary napkins having the structure of Fig. 14 were prepared in the same manner as in Example 18 except for 
replacing absorbent sheet (B) with absorbent sheets (C) to (N). 

COMPARATIVE EXAMPLE 11 



Preparation Absorbent ArtiH* 



A sanitary napkin having the structure of Fig. 20 was prepared as follows. 

A small amount of water was spread over fluff pulp 2a having a basis weight of 300 g/m 2 . a thickness of 4.5 mm a 
length of 175 mm. and a width of 73 mm. and about 0.53 g of superabsorbent polymer 2e fAquaric CAW-4" produced 
by Nippon Shokubai Kagaku Kogyo Co., Ltd.) cer the area of 60 mm (W) x 175 mm (L) of the wetted fluff pulp 2a 
substantially uniformly (50 0-polymer/m 2 ). Wet processed absorbent paper 2b made from wood pulp having a basis 
weight of 18 gym , a length of 175 mm. and a width of 73 mm was overlaid on the polymer-spread side of the fluff pulp 
All the surfaces of the combined I members were covered with wet processed absorbent paper 2c made from wood pulp 
having a basis weight of 1 8 g/m 2 . a length of 1 75 mm. and a width of 1 30 mm to prepare the absorbent member 2 The 
sanitary nap*on 100 shown in Fig. 20 was prepared by using the resulting absorbent member in the same manner as in 
Example 14 

COMPARATIVE EXAMPLE IP 



Preparation of Absorbent Article 



A sanitary napkin having the structure shown in Fig. 1 2 was prepared in the same manner as in Example 1 7. except 
for replacing the absorbent sheet (D) with the absorbent sheet (Q). 
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COMPARATIVE EXAMPLES 13 ^Mp 1 * 

Preparation of Absorbent Article 

Sanitary napkins having the structure shown in Fig. 1 2 were prepared in the same manner as in Example 1 7. except 
for replacing absorbent sheet (D) with each of the absorbent sheets (R) and (S). 

COMPARATIVE EXAMPLES IS TO 22 r d^^r 

Preparation of Absorbent Article 

Sanitary napkins having the structure shown in Ftg. 1 4 were prepared in the same manner as in Example 1 8, except 
for replacing the absorbent the sheet (B) with each of the absorbent sheets (Q) and (T) to (Z). 

The polymer fixing performance and absorption performance of the sanitary napkins prepared in Examples 17 to 
30 and Comparative Examples 1 1 to 22 were evaluated by testing in terms of fall-off of the polymer, thickness of the 
article, absorbing time, and back-flow and leakage in a moving mode according to the following test methods. The results 
obtained are shown in Table 2. 

Test on Fall-off of Suoera bsorbent Polymer: 

A sanitary napkin was weighed and put in a 280 mm long and 200 mm wide polyethylene bag with a fastener. 
Vibration was given to the napkin by shaking the bag 50 times by the hand. After the test the napkin was again_weighed 
to obtain a change in weight. In order to facilitate visual observation of the superabsorbent polymer fallen: tathe^bag^ 
water tinted with Blue No. 1 (0.3 g/100 ml of water) was put into the bag to swell the fallen superabsorbent pdymervTKe - 
degree of fall -off of the superabsorbent polymer was observed with the naked eye and graded as follows. 

Good ... Fall-off of superabsorbent polymer is hardly observed. 

Fair ... Slight fall-off of superabsorbent polymer is observed. 

Poor ... Considerable fall-off of superabsorbent polymer is observed. 

Measurement of Product Thickness: 

As shown in Fig. 21,10 sanitary napkins were piled up, and an acrylic plate weighing 500 g was put thereon. The 
total thickness of the pile under load was measured to obtain a thickness per single sanitary napkin. 

Measurement of Absor bing Time (5 a), Re-absorbino Time ( 10 ol and Back-flow in Moving Mode: 

A device for measuring the rate of absorption as shown in Fig. 18 was used for measurement A sanitary napkin 
obtained in Examples 1 7 to 30 and Comparative Examples 1 1 to 22 was placed horizontally in place of absorbent sheet 
200 shown in Fig. 1 8. Acrylic plate 220 having an inlet having a diameter of 1 cm was placed on the napkin, and weights 
222 were put thereon to apply a load of 5 g/cm 2 to the sanitary napkin. 

Frve grams of def brinated equine blood (produced by Ninon Biotest Kenkyusho K.K.) were poured through the inlet, 
and the time (sec) required for the blood to be absorbed completely was measured. After the complete absorption, the 
sanitary napkin was left to stand for 20 minutes. Then, another 5 g of def torinated equine blood was again poured to 
obtain the time required tor re-absorption (1 0 g). and the napkin was allowed to stand for 20 minutes. 

Thereafter. 10 sheets of absorbent paper made from softwood pulp having a basis weight of 30 g/m 2 , a length of 
195 mm. and a width of 75 mm were placed on the upper side of the sanitary napkin (the side to be in contact with the 
body). The sanitary napkin with absorbent paper on was fixed to panties, and the panties were fitted onto movable model 
230 of female hips and crotch as shown in Fig. 23. The model was made to take a walking movement at a rate of 100 
steps/min (corresponding to a waiting speed of 50 nVmin) for 1 minute. 

After the walking movement, the sanitary napkin 100 and 10 sheets of absorbent paper were removed, and the 
weight of deftorinated equine Wood absorbed into the absorbent paper was measured as a back-flow (g). The test was 
conducted 5 times for each sample to obtain an average value fur each of absorbing time, reabsorbing time, and back- 
flow in a moving mode. 
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Leak Test (Number of Leakey 

As shown in Fig. 23. the sanitary napkin 100 obtained in Examples 1 7 to 30 and Comparative Examples 1 1 to 22 
was fitted to panties and applied to a movable model 230 of female hips and crotch. The model 230 was made to take 
a walking movement at a rate of 100 steps/min (corresponding to a walking speed of 50 nVmin) for 10 minutes. 

While keeping the model 230 in a moving mode. 5 g of def torinated equine blood was poured into the sanitary napkin 
1 00 through a tube 232, and the walking movement was continued for an additional period of 20 minutes at the same 
-walking speed (5 g-absorption). Another 5 g of defbrinated equine Wood was again poured, fallowed by walking at the 
same speed for another 20 minutes (10 g-absorption). The test was conducted 10 times per sample, and the samples 
having a leak at 5 g-absorption and 1 0 g-absorption were counted. 
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As is apparent from the results in Tables 1 and 2, the absorbent articles according to the present invention, in which 
an absorbent sheet comprising a fiber web and a fiber aggregate in a unitary body and having contained therein a 
superabsorbent polymer is used, are excellent in terms of fixing of the superabsorbent polymer as compared with con- 
ventional absorbent articles using conventional absorbent sheets in which the superabsorbent polymer is integrated by 
ss water spreading, embossing or application of adhesrves. Even in using such a thin absorbent sheet as has a thickness 
of 2 to 3 mm, the absorbent articles of the present invention exhibit excellent absorption characteristics in terms of rate 
of absorption, back-flow, and the like. 

Further, in spite of a very simple structure, the absorbent articles of the present invention exhibit extremely high 
performance, having a high rate of absorption and a smaO back-flow, and being prevented from leaking. This is because 
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the absorbent sheet used therein has a gradient in the manner of liquid diffusion within its unitary structure so that liquid 
is qucMy absorbed and smoothly permeates through the absorbent sheet while sufficiently diffusing. 

Many other variations and modifications of the invention will be apparent to those skilled in the art without departing 
from the spirit and scope of the invention. The aboveslescribed embodiments are. therefore, intended to be merely 
exemplary, and all such variations and modifications are intended to be included within the scope of the invention as 
def vied in the appended claims. 

Claims 

1 . An absorbent sheet comprising at least hydrophaic f bers and thermally fusible bonding fbers or a strengthening 
assistant, and a superabsorbent polymer, the absorbent sheet being characterized in that: 

the superabsorbent polymer is not present on an absorbent surface of the absorbent sheet for absorbing 
Squid but distributed inside the absorbent sheet and is adhered and fixed to the hydrophilic f bers constituting the 

absorbent sheet 

the superabsorbent polymer is spread at an amount of 5 to 300 g per 1 m 2 of the absorbent sheet; and 
the absorbent sheet has a thickness of 0.3 to 1.5 mm. 

2. The absorbent sheet according to claim 1 , wherein 

the absorbent sheet comprises a fiber aggregate and a fiber web, the fber aggregate and the fber web 
forming a unitary body; 

the fiber aggregate has the absorbent surface, and does not contain the superabsorbent polymer at the side 
of the absorbent surface; 

the fber web comprises at least the hydrophilic f bers; and 

the superabsorbent polymer is predominantly distributed inside the fiber web. 

3. The absorbent sheet according to daim 2. wherein 

the fber aggregate has a basis weight of 1 0 to 200 gym 2 , and 
the fber web has a basis weight of 10 to 200 g/m 2 

4. The absorbent sheet according to claim 1 , wherein the hydrophilic f bers are bulky cellulose fbers, 

5. The absorbent sheet according to daim 4. wherein the bulky cellulose fibers have a degree of fber roughness of 
0.3 mg/m or more. 

6. ^e absorbent sheet according to claim 4. wherein the bulky cellulose fbers have a degree of fber roundness in 
the fber cross section of 0.5 to 1 . 

7. The absorbent sheet according to claim 4. wherein the bulky cellulose fbers are crossfinked cellulose fbers, 

8. ^absorbent sheet which comprises superabsorbent polymer partides. and a fber structure cornprising bulky 
hydrophilic cellulose fbers and thermally fusible bondmg fbers or a strengthening assistant 

the superabsorbent polymer partides being not present on an absorbent surface of the absorbent sheet for 
absorbing the liquid but distributed inside and fixed to the fber structure: and 

the absorbent sheet having a thickness of 0.3 to 1 .5 mm, and the superabsorbent pdymer being spread at 
anamountof20to70gper1 rn 2 of the absorbent sheet. 

9. A process for preparing an absorbent sheet comprising at least hydrophilic fbers and thermally fusible bonding 
fibers or a strengthening assistant and a superabsorbent polymer, the process comprising the steps of 

spreading the superabsorbent polymer on a wet fber web which is prepared by a wet process from an aque- 
ous slurry comprising at least the hydrophilic fibers and the thermally bonding fbers or the strengthening assistant 
- overlaying thereon a fber aggregate comprising the hydrophilic fbers and the thermally fusible bonding fbers 
or the strengthening assistant and 

drying a combination of the fiber web and the fber aggregate to form a unitary body thereof. 

1 0. The process accorcfing to claim 9. comprising the steps at 

forming the fber web at a forming part 

dehydrating the fber web at a suction dehydration step; 

spreading the superabsorbent polymer over the fber web before a pressing part and overlaying the fber 
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aggregate on the fber web; and 

drying a combination of the ftoer web and the fiber aggregate with a dryer and forming a unitary body thereof. 

11. An absorbent article comprising at least a liquid retentive absorbent member and a liquid impermeable backsheet. 
the absorbent article being characterized in that: 

the absorbent member comprises the absorbent sheet according to daim 1. 

12. An absorbent article for absorbing body fluids comprising at least a liquid retentive absorbent member and a liquid 
impermeable backsheet the absorbent article being characterized in that: 

the absorbent member comprises the absorbent sheet according to daim 8; and 

the absorbent artide does not give uncomfortable feeling caused by absorption of the body fluids and swelling 
of the superabsorbent polymer particles during usage. 

13. The absorbent sheet according to daim 2, wherein 

the f iber aggregate predominantly comprises the bulky cellulose fbers having a degree of fiber roughness 
of 0.3 mg/m or more; and 

the fiber web comprises a permeable layer predominantly comprising the bulky cellulose fibers having a 
degree of fber roughness of 0.3 mg/m or more and a diffusing layer being located adjacent to the permeable layer 
and comprising the bulky cellulose fbers having a degree of fiber roughness of 0.3 mg/m or more and the hycJrophiOc 
fine fibers, the fber web being located adjacent to the fber aggregate at the permeable layer. 

14. The absorbent sheet according to daim 2, wherein 

\ ■ • c - the fber aggregate comprises a permeable layer predominantly comprising the bulky cellulose fbers having 
a degree of ftoer roughness of 0.3 mg/m or more and a diffusing layer being located adjacent to the permeable layer 
and comprising the bulky cellulose fbers having a degree of fber roughness of 0.3 mg/m or more and the hydrophilic 
fine fibers; and 

the fber web predominantly comprises the bulky cellulose fbers having a degree of fber roughness of 0.3 
mg/m or more and is located adjacent to the diffusing layer of the fber aggregate. 

15. The absorbent sheet according to claim 2. wherein 

the fber aggregate predominantly comprises the bulky cellulose fbers having a degree of fiber roughness 
of 0.3 mg/m or more; and 

the fber web comprises the bulky cellulose fibers having an average fber length of 1 to 20 mm and a degree 
of ftoer roughness of 0.3 mg/m or more and the hydrophilic fine fbers having an average ftoer length of 0.02 to 0.5 
mm. the proportion of the hydrophilic fine fbers being higher in one of the sides of the fber web than in the other 
side, and the fber web being located adjacent to the ftoer aggregate at the side having a lower proportion of the 
hydrophilic fine fbers. 

16. The absorbent sheet according to daim 2, wherein 

the fber aggregate comprises the bulky cellulose fbers having an average fber length of 1 to 20 mm and a 
degree of fiber roughness of 0.3 mg/m or more and the hydrophilic fine fbers having an average fber length of 0.02 
to 0.5 mm, the proportion of the hydrophyte fine fbers being higher on one of the sides of the ftoer aggregate than 
on the other side; and 

the ftoer web fxedominantly comprises the bulky cellulose fbers having a degree of ftoer roughness of 0.3 
mg/m or more, and is located adjacent to the side of the ftoer aggregate having a lower proportion of the hydrophilic 
fine f toers. 

1 7. The absorbent sheet according to daim 2, wherein the fber web comprises the bulky cellulose fbers predominantly 
and further contains hydrophilic fine fbers or hydrophiBc fine partides, the hydrophilic fine fbers or the hydrophilic 
fine partides being contained mainly in the area where the superabsorbent polymer is present 
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